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EXECUTIVE SUMMARY
 

This report presents the results of a one-year comprehensive 
collection survey of the benthic macroinvertebrate communities of 
the Delaware River between the Chesapeake and Delaware (C&D) Canal 
and Trenton, NJ. A review of the regionally germane historical 
references was made, and comparisons were drawn to the current 
survey to ascertain the extent of a presumed or possible recovery 
within the benthic macroinvertebrate communities in response to 
demonstratively better water quality since the passage and 
implementation of the Clean Water Act of 1972. Also included are 
results from a demonstration project employing the Benthic Resources 
Assessment Technique (BRAT) as a tool to assign a more meaningful 
comparative value to benthic communities through their trophic 
linkage to important fishes. 

Samples for the general survey were seasonally collected from a 
regionally stratified study area based on the DRSC water quality 
Zones 2 through 5. Seasonally some 60 samples were allocated among 
the four zones and three depth related substrata yielding over 220 
samples during the term of the study. Samples were collected in the 
spring, summer and fall of 1992 and winter of 1993. Results of the 
survey are presented in terms of density (n/m2 

) and biomass (g/1tl2 
). 

Fish stomachs needed for the BRAT analysis were provided by the 
contractor conducting the parallel STACsponsored fish survey. 

The benthic macroinvertebrate communities in the Delaware River 
between the C & D Canal and Trenton, NJ were represented in this 
study by 129 taxa of nine phyla, but the quantitative measures of 
abundance, i.e., density and biomass, suggest that relatively few 
taxa were seasonally and regionally abundant. From the population 
or density perspective, the macro invertebrate community within the 
study area was heavily dominated by the oligochaetes, more commonly 
known as slUdge worms, followed by the chironomids or midge larvae. 
Both groups are considered pollution tolerant, and are able to live 
in otherwise stressful and limiting low oxygen environments. other 
important groups with "better" reputations were amphipods, 
turbellarians, isopods, polychaetes and bivalves. In every case the 
larger taxonomic group is heavily dominated bya single genus or 
species; Limnodrilus of the oligochaetes, Polypedilum of the 
chironomids, Gammarus of the amphipods, Cyathura polita of the 
isopods, Scolecolepides viridis of the polychaetes, and Corbicula 
fluminea of the bivalves. In most cases these larger taxonomic 
groups were represented additionally by other genera and species, 
but their occurrence was intermittent and/or abundance was 
relatively low. 

The benthic macroinvertebrate community in .the Delaware River 
between the C&D Canal and Trenton, NJ was then and is now dominated 
by sludge worms, fly larvae, scuds, aquatic pill bugs, bristle worms 
as the historical database indicates, and an exotic clam. What has 
changed through time seems to be the scale or magnitude of 
dominance, and the complement of sub-dominant representatives has 
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grown in some cases and changed in others. Although oligochaetes 
are still abundant and dominant, it is to a lesser relative degree 
as abundance of the other taxa has increased. Changes in 
oligochaete species composition included the occurrence of less 
pollution tolerant and more oxygen sensitive genera such as 
Aulodrilus, Nais,Pristina and Pristinella, and the absence of 
highly pollution tolerant genera such as Tubifex and Potamothrix. 
Chironomids historically a very distant second to oligochaetes, if 
present at all, exhibited an increased relative abundance" during th~ 
present study. 

Even though the application of the BRAT in this study was far from 
text-book in its execution, the primary goal was accomplished in 
that the data produced does provide a basis for f~rther 

consideration. The BRAT provides a landscape of what and where 
SUbject fish species derive their sustenance. As illustrated in the 
case of white perch $150 mm fork length in this study, the channel 
and shallow/intermediate substrata in Zones 3 and 4 were relatively 
important summer feeding grounds, and amphipods were a very 
important food item. The BRAT provides "current" data measured on 
an absolute scale allowing for the relative comparisons in areas 
where best or least-worse management decisions must be made. 

The evidence of a recovery coincident with or reSUlting from 
improved water quality was judged simply on the premise that change 
was good; that what existed before was considered less than 
desirable, and factors contributing to this undesirable state have 
improved (i.e., water quality). Change within the species 
composition and relative abundance of the benthic macro invertebrate 
communities within the study area was suggested by the results of 
this research effort. The existing communities would likely still 
be characterized as dominated by pollution tolerant species, but 
there are signs of improvement. Oligochaetes and chironomids, the 
classic standards for pollution tolerant organisms, were still 
dominant in the macro invertebrate communities, but their species 
composition and relative abundance within the community suggests 
that change may be in progress. since the mid 1980's, the addition 
of new families and species in the benthic macroinvertebrate 
communities may indicate that an element of pioneerism is in 
progress as improved conditions allow. A more pragmatic view might 
be that its too early to tell if changes are real considering the 
limitations of the historical database, and the snap-shot nature of 
the present stUdy (one year). If the changes are real then improved 
water quality was likely the contributing factor. The pace of . 
change however may be slowed by other factors related to the state 
of the sediments in which the benthic macroinvertebrates live. 
Future research efforts should include additional comprehensive 
surveys conducted as part of a regular management plan in order to 
confirm or discount the finding of this study, as well as additiona: 
studies to evaluate the linkage between the status of the sediments 
and resident benthic macroinvertebrate communities to provide the 
necessary information to support the evolving CCMP in the future. 
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INTRODUCTION 

The Delaware Estuary Program (DELEP) was initiated in 1988 at the 
request of the states of Delaware, New Jersey, and Pennsylvania as 
part of the United states Environmental protection Agency's (EPA) 
National Estuary Program. Given the five year lifespan of the 
Management Conference formed as the functional arm of DELEP, and the 
pending pUblication of a Comprehensive Conservation Management Plan 
(CCMP) at the expiration of that five year term, the 
Scientific/Technical Advisory Committee (STAC) was charged to 
identify, supervise and sponsor research to characterize the status 
of water quality, living resources and habitat, and to identify 
environmental problems, either existing or potential, that may 
impact these areas. Accordingly, STAC commissioned the following 
study of the benthic invertebrate popUlations in the Delaware River 
from the Chesapeake and Delaware Canal (C&D) to Trenton, NJ. 

This research effort was predicated on the hypothesis that since 
water quality, especially dissolved oxygen, had dramatically 
improved since the early 1970's, and fish popUlations appeared to be 
improving, then it wouid seem to follow that benthic invertebrate 
popUlations may also improve. Lacking current data to support or 
disprove this hypothesis, STAC sponsored this study. The overall 
objectives of this project are to characterize the macro- and 
megabenthic invertebrate popUlations within the area of the estuary 
with the greatest documented improvements in water quality, and to 
integrate these new data with past information to provide input to 
those portions of the CCMP that will define the extent to which 
future improvements canoe expected •. To address these objectives 
the following tasks were performed: 

Task 1.	 Conduct a comprehensive survey of the macro-·and 
megabenthic invertebrate populations within the 
specified study area to characterize existing species 
composition, temporal and spatial distributions, 
relative abundance in density and biomass, and 
specific habitat/SUbstrate affinities; 

Task 2.	 Compare new data to historical information to 
empirically demonstrate the absence or presence of a 
recovery within the benthic community based on the 
premise that improved water quality will result in 
functional improvements in the benthic assemblages; 
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Task 3.	 Conduct a demonstration study using the Benthic 
Resources Assessment Technique (BRAT) to 
quantitatively evaluate the relative trophic support 
provided to the fish populations by major benthic 
macroinvertebrate groups; 

Task 4.	 Provide information and.analysis instrumental in the 
development of that portion of the CCMP which 
addresses thes.e biotic communities, and to infer the 
extent to which and by what means future improvements 
might be expected. 

The results of these efforts will be reported under the major 
headings of General Survey, Historical Comparison and BRAT. 

METHODS AND MATERIALS 

GENERAL SURVEY 

Study Design 

study Area Stratification 

To characterize the existing benthic macroinvertebrate populations Q 

temporally and spatially stratified survey was conducted. The basic 
stUdy design incorporated a stratified-random approach using a 
system of horizontal and vertical parameters as they reflect 
eco-stratification and habitat characteristics. The system chosen 
was very similar to that used by the Chesapeake Bay Program Living 
Resources Task Force (CEC, 1988), and includes water depth and 
salinity as primary factors influencing faunal distributions. 

As a first-order stratification, the study area, which extends some 
75 river miles from Trenton, NJ (RID 133.4) to the C&D Canal (Rm 
58.9), was divided horizontally into four habitat strata indicative 
of existing water quality and salinity levels (Fig. 1). These four 
strata coincide with four of the six water quality regions, i.e., 
Zones 2-5, established by the Delaware River Basin Commission 
(DRBC). The boundaries of these zones are given in Figures 2 
through 5. Regarding salinity, Zones 2, 3, and '4 correspond to the 
tidal freshwater portion of the estuary, and Zone 5 to the 
transitional area between the freshwater habitats upstream and the 
more saline areas in the lower Delaware.River and upper Bay
(Najarian, 1991: Versar, 1991). Sampling was conducted only in the 
portion of Zone 5 extending downstream to the C&D Canal. 
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The four DRBC Zones were further divided into three depth strata; 
the intertidal, shallow/intermediate, and the navigational channel. 
These depth strata represent general habitat types, that as a result 
of their hydrological features or anthropogenic character, 
potentially support distinctive benthic communities. The intertidal 
strata, by definition, was that area between high and low tide lines 
which is alternately exposed and inundated. The navigational 
channel, as a sampling strata, was that relatively deep area marked 
by navigational aids which is periodically disturbed by dredging. 
Finally, the shallow/intermediate strata was simply the remaining 
sUbmerged habitat. To facilitate the identification and random 
selection of sampling locations, a grid system was transposed over 
the study area. Within each water quality zone, grid lines were 
drawn at O.5-km intervals across the depth contours (Figs. 2 through 
5). Accordingly, sample locations were assigned a four character 
alpha-numeric designation including Zone and grid numbers and depth 
strata initial, i.e.; I - intertidal, S - shallow/intermediate, and 
C - channel. ' 

While substrate type is an important habitat consideration for 
benthic macroinvertebrates, a review of available information during 
the design phase of this study indicated a lack of identifiable 
regions of homogeneous sediment type that could be used as sample
design sudivisions (Neiheisel, 1973: Taylor et. al., 1973: PAS, 
1985: SAlC, 1986). Consequently, sediment sampling for particle 
size analysis was added to the original scope of study, and a 
characterization of each zone ·and comparisons between zones were 
made. 

Collection Frequency and Sample Size 

Samples were collected quarterly to describe the seasonal 
differences in benthic community composition and abundance. 
Collections were originally scheduled to be taken during April, 

.July, October and January to reflect spring, summer, fall and winter 
communities. However, samples were collected in April-May, August, 
November and March. Delays in the collection of spring and summer 
quarter samples were related to contractual administrative issues; 
collections in November for the fall quarter reflected an 
acquiescence to a one-month shift. in the original schedule: winter 
quarter collections were further delayed by chronically unsuitable 
weather for nautical activities in February. Actual collection 
dates during each quarterly sampling experience are given in 
Appendix Table A-I. 
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To estimate optimal sample size for each seasonal collection 
experience, temporally similar (i.e., from June and/or July), and 
spatially appropriate data from previous studies (Anselmini, 1974: 
Beck et. al., 1985: PAS, 1985; RMC, 1988) were analyzed using 
standard experimental design statistics relating sample data mean, 
standard deviation and desired level of precision (steel and Torrie, 
1960: Sokal and Rohl, 1969: AIHA, 1989). 

:2 
N= ( t*S)

[;*x 

where: 

N == Number of samples
 
t == tabulated value at 0.05 level
 
S == standard deviation of samples
 
X == mean density of samples
 
0 == required level of precision
 

The test data was highly variable temporally and spatially. 
Therefore, the data sets were pooled to best capture as many aspect 
of the inherent variance, and produce the most reliable estimate of 
sample size. The analysis indicated that 60 samples per quarter 
should be adequate to produce an estimate of density for all zones 
combined within t50 percent of the true mean with 95 percent 
confidence intervals. Even though the analyses suggested a 
regionally weighted allocation of effort, the patch-work nature of 
the test data brought into question the reliability of such a 
design. Accordingly, sampling effort was allocated equally as five 
replicates within each of 12 sampling substrata (i.e., four zones b 
three depth substrata). Individual sampling locations were randoml 
chosen each quarter from the available grid units within each 
stratum. 

Study Execution 

Sample Collection 

To sample the macroinvertebrate portion of the. benthic communities,· 
collections were taken with a standard Wildco supply Company PonarlM 

grab sampler (23 X 23. cm). This gear was chosen because of its 
extensive use in prior studies. Samples were taken from a 23-25 ft 
research vessel at anchor within the randomly selected grid unit. 
total of two grabs were taken at each location; one for biotic 
analysis, and one for sediment particle size analysis. Biotic 
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samples were preserved in the field in a 10 percent buffered 
formalin/rose bengal solution. Buffered formalin was used to reduce 
damage to specimens with calcareous exoskeletons, and rose bengal 
stain was added to aid in specimen recognition during initial phases 
of laboratory processing. Samples taken for particle size analysis 
required no preservation. 

At each location and with each set of grab samples, a battery of 
physicochemical parameters were measured and recorded. From samples 
of surface and bottom waters, temperature (OC) and dissolved oxygen 
(mg/l) were measured using the Yellow Springs Instruments (YSI) 
Model 51A oxygen meter, conductivity (,umbos) was measured using the 
YSI Model 33 S-C-T meter, and salinity was measured using American 
optics temperature compensating refractometer. Water clarity was 
measured using a 20 em limnological Secchi disc. All field 
instrumentation was operated, maintained and calibrated as per the 
particular manufacturer's specifications and instructions. Also at 
each location, water depth was measured using a "fish finder"-type 
sounder, and positions were recorded when possible in terms of 
latitude and longitude based on LORAN-C readings. 

By design, quarterly sampling experiences were to run on three to 
five consecutive days from Trenton, NJ downstream. In practice, 
collection experiences ran 8-25 days punctuated by mechanical 
problems and bad weather. Sampling within the intertidal substrata 
was conducted typically during high water to allow access by vessel. 
A water depth of six feet or less was sought to insure that the 
location was indeed exposed at low tide.. Over two thirds of the 
intertidal collections were taken in S 2 ft of water in the upper 
portion of the intertidal substratum. Sampling in some intertidal 
grids was impossible where bulkheading had replaced interti4al 
habitat near more highly developed commercial/industrial shorelines. 
When location was unsampleable, the next most proximal acceptable 
intertidal location was sampled. As field documentation indicated 
the absence of sampleable habitat, grid numbers were omitted from 
future random drawings. A listing of grid numbers omitted is given 
in Table 1. 

In the channel substrata the combination of high tidal currents, 
maximum water depth and hard sediments made sampling difficult. To 
improve the likelihood of retaining a sample in such areas, 25 
pounds of additional.weight was added to the standard 45-lb Ponar. 
Even with the added weig~t, combinations of the above factors made 
sampling impossible at some locations. In the field when repeatedly 
unsuccessful at a location, efforts were relocated within the grid 
or moved to another grid where conditions were more conducive to 
successful collection efforts. As a matter of perspective and as a 

DELEP/BENTHOS FINAL REPORT DECEMBER 1993 

Environmental Consulting Services. Inc. 



6
 

measure of effort, it should be noted that a sampling experience, ) r 
design, included 120 grabs at 60 locations. However during the 
course of the study as many as 210 grabs were attempted at 89 
locations during a quarterly sampling experience. As a result of 
these difficulties a small number of ~pecified samples (15 of 240) 
were not taken. 

Regarding the megabenthos, data was collected by T. Lloyd AssociatE 
(TLA) as part of the STAC sponsored and DELEP funded fisheries 
survey in the same study area and basic time frame as the benthos 
survey. A detailed description of study design and sampling methoc 
can be found in the "Scope of Work" prepared at the request of 
DELEP/DRBC/EPA contract officers (TLA, 1992). Synoptically, 
fisheries collections were taken during summer and fall of 1992 ana 
spring 1993 at one location in each of the four DRBC water quality 
zones included in the specified study area. These locations in the 
Delaware River included and were delimited as the areas one mile up
and downstream of the mouths of the Rancocas, Big Timber and Raccoc 
Creeks, and the Salem River (Figs. 2-5). At each location various 
sizes of seines, trawls, and gill nets, as well as electro-shocking 
equipment, were used at standardized levels of effort- to sample 
three basic habitat types based on water depth, i.e., shallows «10 
ft.), intermediate (10-25 ft.), and deep water (>25 ft). As 
specified in the fisheries Scope of Work, data were collected for 
blue crab and grass/sand shrimps only. Relative to blue crab, sex 
and carapace width were determined also. Coincident with the 
fisheries samples measurements of water temperature, dissolved 
oxygen, salinity and conductivity were made and recorded. The raw 
data was submitted to ECSI for tabulation and analysis. Data was 
collected only during the summer and fall sampling periods. 

Laboratory Processing 

Processing of benthic samples in the laboratory proceeded in two 
phases. Processing was total; no SUb-sampling was performed. Phas.... 
1 involved the removal of the macroinvertebrate specimens from the 
attendant sediment, and was done in two steps. First, each sample 
was gently washed over a 500 micron mesh standard sieve, and all 
material retained on the sieve was placed in a appropriately 
labelled container filled with 40 percent isopropyl alcohol. 
Second, at some later time, the contents of the container were 
poured into a glass tray, placed over a light-table, and all 
macroinvertebrate specimens and any fragments thereof were removed 
from remaining sediment and/or debris. Specimens were again placed 
in an appropriately labelled container and passed on to Phase 2 of 
the process. 
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Phase 2 involved the weighing, identification and enumeration of the 
macroinvertebrate specimens, not necessarily in the order. All 
specimens and fragments were examined under a stereo-dissecting 
microscope and identified to the lowest practicable taxonomic level. 
Factors that influenced the practicably obtainable level included 
specimen condition, age, the availability of taxonomically . 
descriptive information, and time. Specimen condition was a 
particular problem for members of the turbellaria and nemertea 
groups, and resulted in the use of the "unidentifiable organism" 
taxon in extreme cases. Specimen age/maturity was problematic in 
the identification of oligochaete worms which as immature forms lack 
critical diagnostic characters. Th~s resulted in the formation of 
two unidentified classifications of immature tubifids with (#1) and 
without (#2) capelliform chaetae. Taxonomic references used 
included Gosner (1971), Wiederholm (1983), Merritt and Cummins 
(1984), Brinkhurst (1986), Peckarsky et ale (1990), and Thorp & 
Covich (1991). The lack of available taxonomic literature was only 
of note relative to the enchytraeid oligochaetes. In some cases the 
literature was available and the procedures were known to achieve a 
lower taxonomic level, but the time required was disproportionate 
relative to the information gained given the scope of this general 
survey. 

Most specimens were identified and counted under the magnification 
of a stereo-dissecting microscope, and wet-weighed by taxon on a 
Mettler balance to the nearest ten-thousandth (0.0001) of a gram. 
Relative to bivalves, shell was not included in weight if it was 
large enough and possible to remove from tissue. Prior to wet
weighing, specimens were actively dried by blotting between multiple 
sheets of absorbent material. However, since the identification of 
oligochaete worms and chironomids below the respective class and 
family levels required mounting and slide preparation, and 
examination under a compound microscope, the wet weight was 
determined prior to slide preparation at the class and family 
levels. After Phase 2 processing, representative museum voucher 
specimens were placed in a reference collection. The remainder of 

.the sample was recomposited and returned to the labelled container, 
and will be retained for one year after the publication of this 
final repqrt. 

Quality Control and Quality Assurance 

All field and laboratory activities were performed in accordance 
with the approved "Quality Assurance Project Plan" (ECSI, 1992) 
submitted at the beginning of this project. Pre-trip checklists 
were followed, chain-of-custody of samples was maintained throughout 
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the process, and laboratory QA/QC procedures were followed, 
documented and records filed. In the laboratory, all sample 
processing units ,during both Phases 1 and 2 were subject to a one in 
seven chance of random second-party re-examination. During Phase ~ 

a processing unit was each glass tray examined, of which there cou: L 
be several per sample. During Phase 2 a processing unit was the 
entire sample. A processing unit was considered defective if there 
was ~ 5 percent variation/error. If a unit was failed, missed 
specimens were added to the sample and all subsequent units were 
inspected until eight consecutive units passed. Inspections were 
performed by the appropriate, experienced personnel. 

Sediment Particle Size Analysis 

As described above, a separate Ponar grab sample was taken at each 
collection location for sediment particle size analysis. After 
collection, samples were sent to Ambric Testing and Engineering, 
Inc. where they were analyzed using the ASTM standard dry sieve 
method (0422) and categorized according to a modified Wentworth 
grade classification (Table 2). The modification combined the silt 
and clay classifications. This modification, as well as the 
omission of total organic carbon as an analytic parameter, was 
prompted by budgetary limitations. The results are presented below 
in terms of percent of the total by weight. 

Data Analysis 

Values of mean or average abundance in terms of density (n/m2 
) and 

wet-weight biomass (g/m2 ) were calculated for samples within and 
between substrata and among seasons by simply dividing by the numbe 
of values included in the calculation. The equal weighting given to' 
each sample was justified and preferred over a effort-weighted 
formulation since the level of sampling effort was equal as 
determined by the constant sampling area of the grab sampler. 

All diversity and evenness indices and cluster analyses were 
performed using a MultiVariate statistics Package copyrighted by 
Kovach (1986). Species diversity and evenness were calculated using 
Shannon's H' and Pielou's J' on untransformed data to the log base 
2. Since these indices are very sensitive to the number of taxa 
included and because the results of this survey produced varying 
levels of taxonomic certainty, only those taxa which were 
taxonomically unique and would reasonably represent the potential 
addition of at least one species was considered in the analysis. 
Also because these indices are sensitive to abundance as expressed 
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in proportion of total catch, the density of those non-specific taxa 
which were considered redundant for purposes of this analysis was 
added proportionally to, the representatives of that taxon included 
in the analysis. 

To identify substrata with similar benthic assemblages, average 
linkage cluster analysis was performed on untransformed density data 
using unweighted pair group averaging and a Euclidean distance 
dissimilarity coefficient. Unweighted pair groups were used because 
the collection effort was more or less equal among substrata 
(Pielou, 1984). A dissimilarity coefficient was preferred because 
the study design offered no standard or control against which to 
compare (Washington, 1984). Euclidean distance was chosen over a 
non-metric measure because it "behaves" like a real distance, and 
can be plotted in a space of many dimensions with the distance 
between points reflecting the real dissimilarity of pair (Pielou~ 
1984) . 

To identify substrata with similar sediment compositions, average 
linkage cluster'analysis was also used as described previpusly. The 
percent composition of each grain size grade classification (Table 
2) was used as the quantitative variable. 

HISTORICAL COMPARISON 

Regionally appropriate literature was reviewed and data summarized 
to produce the best composite characterization of the historical 
benthic communities in terms of species composition and relative 
abundance. References were classified for use in one of three 
descriptive categories relative to the nature of the results 
presented, and used accordingly. Qualitative references presented 
information on species composition and community descriptions 
without estimates of relative abundance. Quantitative references 
presented abundance' data in terms of density and/or biomass. 
Literature summaries were included in the review as secondary 
sources as they provided some additional insight into the data. 
References were grouped according to the'DRBC water quality zones. 
Only those studies that were methodologically similar were used in 
quantitative comparisons, i.e., only those that used a ponar grab 
sampler and a 0.5 mm sieve, and expressed results in terms of 
density (n/mZ ). Biomass was not compared quantitatively because dry 
weight was used historically and wet weight was used in the present 
study. The determination of dominant taxa in a given reference was 
based on the author's statement, or in the ,absence of such a 
statement calculations based on the a.vailable ra.w data. To 
facilitate comparison some taxonomic pooling was done. Where 
appropriate, taxonomic synonYms are given. 
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BENTHIC RESOURCES ASSESSMENT TECHNIQUE
 

Design 

In addition to the general survey/inventory of benthic communities 
described previously, biomass data from the summer quarter was 
analyzed to assess, for each habitat stratum, the value of benthic 
macro invertebrates as the base for trophic support for important 
demersal and semi-demersal fishes. The value of benthic habitat wa~ 

determined using a modification of the Benthic Resources Assessment 
Technique (BRAT). BRAT was developed by researchers with the U.S. 
Army Corps of Engineers to be used as a quantitative assessment too 
to evaluate the comparative values of dredge and dredged-material 
disposal sites. The conceptual approach and practical application 
of the BRAT has been described by LaSalle et ale (1990), Clarke 
(1986), Lunz (1986), Clarke and Lunz (1985), and Lunz and Kendall 
(1982). Simplistically, the BRAT combines benthic samples, which 
estimate the epi- and infaunal availability, and finfish stomach. 
contents or diet analysis, which determines those macroinvertebrate~ 
being consumed, to calculate a food value or relative trophic index. 
As Clarke and Lunz (1985) point out, this trophic food web linkage
between benthic organisms and important fishes, and ultimately to 
society via commercial and recreational fisheries which they utilize 
directly, may offer resource managers a more meaningful way to 
assign comparative value to benthic communities. Therefore a 
modified BRAT was applied to data from one quarter of the general 
survey to demonstrate/evaluate its potential as a resource 
management tool in assessing the trophic support value of benthic 
communities within the tidal freshwater and transitional portions o. 
the Delaware River. 

Execution 

Benthic Samples 

Samples analyzed using the BRAT were collected as part of the 
general survey using the equipment, and field and laboratory 
procedures described previously. However, in the laboratory sampleL 
were processed additionally and specifically as per the BRAT . 
procedures. Typically, BRAT samples are collected by box-corer in 
order to maintain the integrity of the sediment for vertical 
stratification and detailed representation of the infaunal 
community. However, in this study a standard Ponar grab sampler wa~ 

necessarily substituted to maintain gear-compatibility with 
historical databases. This was the only procedural modification to 
the BRAT technique. Physically and analytically the vertical 
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partitioning of the substrate sampled was lacking; therefore, the 
estimates of trophic support generated reflect composites of the 
vertical partitions which are usually analyzed separately. Withou~ 
the vertical partitioning afforded by a core-type sampling device, 
the "availability zone", or that depth to which a predator may 
forage for prey organisms, could not be determined. Therefore, 
estimates of food value may be overestimated by the composite as the 
substrate was mixed and organisms not recognized as being 
differentially available. Even though these composites may 
exaggerate the absolute food value, the relative spatial 
comparability remains valid and useful. 

In the laboratory, samples collected and processed as part of the 
general survey were further analyzed for BRAT. This additional 
analysis included: 1) sieving the macroinvertebrates through five 
nested sieves of the following sizes 6.30, 3.35, 2.00, 1.00, 0.50 mm 
(Clarke, 1986; Lunz, 1986) to establish size classes of food items 
available to piscine predators, 2) pooling these sized specimens 
into major taxonomic groups such as oligochaeta, polychaeta, 
amphipoda, isopoda, decapoda, and mollusca to characterize the 
variety of animal types available, and 3) weighing the sized and 
taxonomically segregated groups to determine the biomas~ available 

-to predators. This yielded a matrix of biomass by taxa and size 
from each of the 12 study area substrata. 

Fish Samples 

Specimens for analysis were collected by TLA as part of their summer 
1992 fisheries sampling effort. specimens were taken only from 
active collection gears (eg. seines or trawls) to insure fr~shness 
of the specimens. Specimens were preserved immediately in the field 
in 10 percent formalin, and body cavities were opened as necessary 
to expedite the fixing process of the critical viscera enhancing the 
best possible stomach content condition. 

The fish targeted as test species were white perch, striped bass and 
spot. They were chosen because of their recreational and commercial 
profile arid respective life strategies. White perch is resident to 
the estuary, but is semi-anadromous within it. It uses the tidal 
freshwater portion as the primary spawning and nursery grounds 
during spring and .summer,_ and the lower river and upper bay for 
over-wintering in the colder months. striped bass is a truly 
anadromous species which uses the transitional and tidal freshwater 
portion of the estuary as a spawning and nursery area in spring and 
summer like white perch, but adults move offshore into coastal 
waters during the winter. spot is an estuarine dependent coastal 
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marine species which spawns in the ocean, but the juveniles of the 
species move into adjacent estuaries where the transitional and 
lower tidal freshwater portions of the estuary are used nursery 
grounds. 

Each of the three species were divided into two or three length 
groups, measured in fork length (FL) nominally reflecting 
age-classes to account for ontogenetic shifts in diet: white percl 
- S150 mm FL and >150 mm FL; striped bass - S100 mm FL, 101-200 mm 
FL and >200 mm FL; and spot - S100 mm FL and >100 mm FL. By design, 
five specimens of each size class of each species from each of the 
12 study area substrata were to be collected yielding as many as 4: \ 
stomachs for analysis. In the laboratory, the stomachs of a given 
species, size-class and substratum were removed and emptied, poolir~ 
the contents into a single representative sample. After pooling tt 
stomach contents, samples were analyzed the same as the benthic 
samples as described above producing biomass information by major 
invertebrate taxa and food item size indicating the prey 
exploitation pattern by size and type for given species and 
size-class of fish. The biomass data was converted to percent of 
total stomach contents to generate a weighting factor that reflects 
the actual utilization level of the'prey item by the predator as 
that selectivity may be influenced by opportunity, age and/or
feeding morphology. 

Data Analysis 

The end result was a trophic support value from a location (i.e., 
substratum) for a fish species and size-class. This value was 
calculated by mUltiplying the available invertebrate biomass by ta~ 

and size determined from sediment grabs, by the dietary weighting 
factor by matching taxa and size determined from stomach content 
analysis; then summing the' cells of the matrix to reflect the total 
trophic support provided in terms of g/m2 • 
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RESULTS 

GENERAL SURVEY 
General Community Characterization 

Taxonomic Composition 

A total of 225 of the specified 240 samples were taken; during a
 
given seasonal collection experience from 55 to 58 of the 60
 
specified samples were collected. These samples yielded
 
macro invertebrates representing at least 129 taxa of nine phyla
 
(Table 3). The chronological listing of individual samples and 
results is given in Appendix Table A-1. 

~ The total mean density (njm2 ) for all seasons, zones and substrata 
was 2706.5 (Table 3). In order of decreasing abundance, 
oligochaetes, chironomids, amphipods, turbellarians, isopods, 
polychaetesand bivalves comprised over 96 percent of the total mean 
density (Table 3; Fig. 6). The total mean density of oligochaetes 
was 1701.7, and as a group accounted for 62.9 percent of the total 
mean density. Within the group five families were represented 
including as many as 30 species. However the Tubificidae, including 
as many as 11 species, were dominant representing over 49 percent of 
the total mean density of all macroinvertebrates. Within the family 
there was a relatively abundant group classified as Unidentified 
.Tubificid #2. These were immature forms lacking diagnostic 
characters to allow for a lower taxonomic determination. However, 
based on the characters present as well as the relative abundance of 
those mature forms that were identified to genus and species, it 
seems very likely that most these immature forms were members of the 
genus Limnodrilus. If the immature torms were added in proportion 

. to the mature .specimens relative abundance, the genus Limnodrilus 
represented over 34 percent of the total mean density of 
macro invertebrates .in the study area. 

The total mean density of chironomids was 421.3 accounting for 15.6 
·percent of the total density (Table 3; Fig. 6). Within this family 
three sub-families were represented including at least 16 species, 
however the Chironominae inclUding at least nine species were 
dominant representing over 14 percent of the total density. 
Polypedilum spp. was the most abundant taxon within the sub-family 
with a mean density of 266.3 accounting for almost 10 percent of the 
total density of macroinvertebrates. 

The total mean density of amphipods was 171.8 representing 6.3 
percent of the total density (Table 3; Fig. 6). A single suborder, 
the Gammaridea, was represented inclUding at least four species. 
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The genus Gammarus was the most abundant taxon within the family 
with a mean density of 149.5 accounting for over 5 percent of the 
total density of macroinvertebrates. 

The total mean density of Turbellaria, a class of free-living 
flatworms, was 101.7 representing 3.8 percent of the total density 
of macro invertebrates (Table 3; Fig. 6). It was impossible to 
proceed beyond this level of classification because of specimen 
condition after preservation. 

The total mean density of isopods was 86.1 representing 3.2 percent 
of the total density of macroinvertebrates (Table 3; Fig. 6). This 
order was represented by at least four species each from a different 
family. cyathura polita was the most abundant species of isopod 
with a mean density of 77.7 accounting for almost 3 percent of the 
total density. 

The total mean density of polychaetes was 68.0 representing 2.5 
percent of the total density of macro invertebrates (Table 3;. Fig. 
6). This class was represented by at least four species from three 
families. Scolecolepides viridis was the most abundant species of 
polychaete with a mean density of 61.1 accounting for over 2 percen_ 
of the total density. . 

The total mean density of bivalves was 49.0 representing 1.8 percen 
of the total density of macroinvertebrates (Table 3: Fig. 6). This 
class was represented by at least four species each from a differen~ 

family. Corbicula fluminea was the most abundant species of 
bivalve with a mean density of 33.4 accounting for over 1 percent or 
the total density. 

The total mean biomass (g/mZ ) for all seasons, zones and substrata 
was 11.6004 (Table 4). In order of decreasing abundance, bivalves, 
polychaetes, oligochates, isopods and amphipods comprised almost 98 
percent of the total mean biomass (Table 4; Fig. 7). In aggregate, 
three species comprised almost 86 percent of the total mean biomass. 
Singularly, the Asian clam, Corbicula fluminea, accounted for over 
73 percent of the total mean biomass; the polychaete, Scolecolepide~ 
viridis, and the isopod, Cyathura polita, comprised 9.6 and 2.8 
percent, respectively (Table 4). Removing Corbicula from the 
tabulation increases the relative positions othe~ taxa hold in the 
community with regard to biomass (Fig. 8), and subsequent biomass 
results will be framed in this "with and without" context. 
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Seasonal Characterization 

The· seasonal total me·an density was relatively high and similar in 
spring and summer at 3,481.9 and 3,237.6, respectively (Table 3; 
Fig. 9). Total mean density in fall and winter declined to 2,626.1 
and 1,480.4, respectively. Oligochaetes were the most abundant 
taxon in each of the four seasons with mean density ranging from 
1,174.4 in winter to 2,091.4 in fall, and seasonally comprising £rom 
52.2 to 79.6 percent of the total mean density of macroinvertebrates 
(Table 3: Fig. 10). Between seasons there were no changes in 
dominant oligochaete taxa: the Tubificidae was dominant family and 
Limnodrilus the most abundant genus. 

Chironomids was the second most abundant taxon in each of the four 
seasons with mean density ranging from 101.1 in winter to 745.0 in 
summer, and seasonally comprising from 6.8 to 23.0 percent of the 
total mean density of macro invertebrates (Table 3; Fig. 10). 
Between seasons there were no changes in major dominant chironomid 
taxa: the sub-family Chironominae was dominant and Polypedilum was 
the most abundant genus. However in summer, spikes in the densities 
the genera Cladotanytarsus and Cryptochironomous of 136.0 and 147.6, 
respectively, combined with the stable but dominant density of 
Polypedilum spp. resulting in the maximum seasonal abundance. 

The dominance of other major taxa within the macro invertebrate 
community seasonally shifted. All but bivalves showed seasonal 
maximum densities in spring and summer: bivalves were more or less 
equally abundant in summer and fall. Amphipods, ranked third 
overall based on annual mean densities, ranged from third in summer 
and fall to sixth in spring (Table 3: Fig. 10). Seasonal densities 
ranged from 49.4 in winter to 430.3 in summer. Gammarus spp. was 
the seasonally dominant amphipod except in winter when Corophium 
spp. was more abundant. 

Turbellaria, ranked fourth overall, was third in relative abundance 
in spring and winter, but was essentially unranked in spring and 
summer. Seasonal densities ranged from 2.5 in summer to 348.1 in 
spring (Table 3: Fig. 10). 

Isopods, ranked fifth overall based on annual mean densities, ranged 
from fourth in summer and fall to seventh in spring. Seasonal 
densities ranged from 21.3 in winter to 167.8 in summer (Table 3; 
Fig. 10). Cyathura poljta was the seasonally dominant isopod with 
Chjridotea almyra showing a consistent but relative low abundance 
through the year. 
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polychaetes, ranked sixth overall, ranged from fifth in spring to 
seventh in winter. The highest seasonal density of 188.4 was 
recorded in spring (Table 3; Fig. 10). Seasonal densities 
thereafter ranged from 15.5, in fall to 49.8 in summer. 
Scolecolepides viridis was the seasonally dominant polychaete with 
only the regionally popular Manayunkia speciosa showing a relatively 
consistent but low abundance through the year. 

Bivalves, ranked seventh overall, ranged from fifth in'summer, fall 
and winter (Table 3; Fig. 10). Their relatively low abundance in 
spring obviously effected the overall ranking. The "highest" 
seasonal densities of 60.0 and 60.2 were recorded in summer and 
fall, respectively. Corbicula fluminea was the seasonally dominant 
bivalve with Rangia cuneata showing an otherwise consistent but low 
abundance through the year. 

The highest seasonal total mean biomass was recorded in the fall at 
19.1609, with winter at 15.9724, and summer and spring at 5.9745 an 
5.2939, respectively (Table 4; Fig. 11). In every season but 
spring, the top five dominant taxa in order of decreasing abundance 
were bivalves, oligochaetes, polychaetes, isopods, and amphipods. 
In summer the sixth most abundant taxon was ectoprocts comprising 
5.28 percent of the total mean biomass; in fall and winter 
chironomids ranked sixth comprising 0.29 and 0.13 percent. 
Seasonally these six taxa comprised from 96 to 99 percent of the 
total mean biomass. During the spring in order of decreasing
abundance, polychaetes, bivalves, oligochaetes, isopods, and 
chironomids comprised over 95 percent of the total biomass. 
Specifically,scolecolepides viridis, a polychaete worm, represente... 
over 57 percent of the total biomass, with Rangia cuneata and 
oligochaetes comprising over 13 and 12 percent, respectively. 
During all other seasons, Corbicula fluminea was the taxon with 
highest total mean biomass comprising 38.7 percent in summer, and 
approaching and slightly exceeding 90 percent in fall and winter, 
respectively. 

However the seasonal characterization relative to total mean biomass 
is heavily influenced by the abundance of Corbicula fluminea. 
SUbtracting the biomass of this species from each season reveals 
that the total mean biomass for the macroinvertebrate community 
without Corbicula was highest in spring at 5.1800, decreasing
through summer at 3.6581, fall at 2.0690 and winter at 1.4294 (Tabl 
4; Fig. 11). Without Corbicula, oligochaetes were the most abundant 
taxon relative to biomass in all seasons but spring when it was 
ranked third. Seasonally mean biomass of oligochaetes ranged from 
0.6640 to 1.1515 comprising from 12.8 to 50.4 percent of the total 
mean biomass (Table 4; Fig. 12). Polychaetes ranked first in spring 
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with a mean biomass of 3.0465 comprising 58.8 percent of the total 
mean biomass; second in summer and fall with mean biomass of 0.7196 
and 0.5392, respectively, comprising 19.7 and 26.1 percent of the 
total, respectively; and in winter it ranked third with mean biomass 
of 0.1437 accounting for 10.1 percent of the total. Isopods.ranked 
third in summer and fall and fourth in spring and winter. Mean 
biomass ranged 0.1200 to 0.6408 comprising from 6.7 to 17.5 percent 
of the total mean biomass. Bivalves, other than Corbicula, ranked 
second in spring and winter, and fifth in fall. Mean biomass ranged 
0.0294 to 0.7551 comprising from 0.8 to 24.8 percent of the total 
mean biomass. Amphipods ranked fourth in summer and fall, fifth in 
winter and sixth in spring. Mean biomass ranged 0.0479 to 0.5896 
comprising from 2.2 to 16.1 percent of the total mean biomass. 
Chironomids ranked sixth in all seasons but spring when it was 
fifth. Mean biomass ranged 0.0213 to 0.1861 comprising from 1.5 to 
5.0 percent of the total mean biomass. Ectoprocts ranked fifth in
 
summer but were otherwise seasonally unranked. All of these taxa
 
recorded their respective peak in mean biomass either spring or
 
summer.
 

Regional Characterization 

The regional total mean density (n/mZ ) for all seasons and substrata 
was highest in Zone 3 at 3,901.4 (Table 5; Fig. 13). Zones 2 and 4 
were generally similar with total mean densities of 2,950.9 and 
2,620.8, respectively. Oligochaetes was the most abundant taxon in 
each of the four zones with mean density ranging from 774.6 in Zone 
5 to 2,441.5 in Zone 3, regionally comprising from 52.4 to 75.2 
percent of the total mean density of macroinvertebrates (Table 5; 
Fig. 14). Although the mean density ,of oligochaetes was highest in 
Zone 3, the mean density in Zone 2 was only slightly lower at 
2,217.8. Between zones there were no changes in dominant 
oligochaete taxa; the Tubificidae was dominant family and 

'Limnodrilusthe most abundant genus. However, in Zones 3 and 4 the 
enchytraeids were secondarily dominant with mean densities of 2.35.4 
,and 253.1, respectively. 

Chironomids was the second most abundant taxon in all zones except 
Zone 5 with mean densities in Zones 2, 3 and 4 of 415.6, 575.0 and 
616.7, respectively (Table 5; Fig. 14), comprising from 14.1 to 23.5 
percent of the total mean density of macroinvertebrates in these 
zones. Between zones there were no changes in major dominant 
chironomid taxa; the sub-famliy Chironominae was dominant and 
Polypedilum was the most abundant genus. The genera Cladotanytarsus 
and Cryptochironomous were typically the second or third most 
abundant taxon of chironomid except in Zone 3 where Cricotopusl 

DELEP/BENTHOS FINAL REPORT DECEMBER 1993 

Environmental Consulting Services. Inc. 



18
 

Orthocladius spp. and Tanytarsus spp. were more abundant than 
Cladotanytarsus spp. 

In Zone 2 bivalves, isopods and nematodes were the third, fourth aDd 
fifth most abundant taxa, respectively (Table 5; Fig. 14). 
Corbicula fluminea,Cyathura pol ita and Gammarus spp. were the 
dominant representatives of these groups. In Zone 3 turbellarians, 
amphipods and isopods were the third, fourth and fifth most abundar 
taxa, respectively. The turbellarians were somewhat uniquely 
abundant in Zone 3 with a mean density of 377.0 comp~ising almost 10 
percent of the total mean density of macroinvertebrates in that 
zone. However, in the other zones the mean density of turbellarian 
did not exceed 20, and they comprised less than 1 percent of the 
total mean density. Isopods recorded their regional maximum mean 
density of 164.7 in Zone 3. In Zone 4 amphipods, isopods and 
polychaetes were the third, fourth and fifth most abundant taxa, 
respectively. Amphipods were regionally most abundant in Zone 4 
with a mean density of 369.9 comprising over 14 percent of the tota 
mean density in that zone. The mean density of Gammarus spp. in 
Zone 4 was 352.9. 

In Zone 5 the order of dominance in the benthic community changes. 
Polychaetes, taken in relatively low densities in the other zones, 
was the second most abundant taxon with a mean density of 172.2, 
comprising almost 13 percent of the total mean density in that zone 
(Table 5; Fig. 14). The mean density of Scolecolepides viridis was 
170.8. Other taxa with increased importance in benthic community in 
Zone 5 were cladocerans and nemerteans being the fourth and sixth 
most abundant taxa, respectively. Taxa important in other zones 
remain relatively important in Zone 5, but with generally lower 
densities. Oligochaetes, bivalves, isopods and chironomids all 
recorded their lowest regional mean density in Zone 5. 'Not only dil 
the abundance of amphipods decrease in Zone 5, but also the relativ= 
dominance of taxa within the group changed. Corophium spp. with a 
mean densityof'62.3 was slightly more abundant than Gammarus spp. 
at 53.1. 

The total mean density (n/m l ) for all seasons and zones in the 
intertidal, shallow/intermediate and channel sampling substrata was 
1,486.2, 3,744.8 and 2,888.5, respectively (Table 6: Fig. 15). 
Oligochaetes was the most abundant taxon in all three substrata with 
mean densities ranging from 834.2 in the intertidal to 2,491.4 in 
the shallow/intermediate substratum (Table 6). Oligochaetes 
comprised from 56.1 to 66.5 of the total mean density in each 
substratum (Table 6; Fig. 16). The tubificids were the dominant 
family in each substratum, howeyer the enchytraeids were reasonably 
well represented as the second most abundant oligochaete in the 
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intertidal and channel substrata with mean densities of 133.2 and 
321.2, respectively. Also of note in the intertidal was Nais 
variabilis with a mean density of 106.5. In the shallow/ 
intermediate substratumSpecaria josinae was the second most 
abundant oligochaete with a mean density of 125.1. 

Chironomids was the second most abundant taxon in the intertidal and 
shallow/intermediate substrata and third in the channel with mean 
densities of 441.0, 539.0 and 283.9, respectively, comprising from 
9.8 to 29.7 percent of the total mean density of macro invertebrates 
in these substrata (Table 6; Fig. 16). Between substrata there were 
no changes in major dominant chironomid taxa; the sub-family 
Chironominae was dominant and Polypedilum was the most abundant 
genus in all three substrata with mean density ranging from 177.5 to 
367.6. Cryptochironomous spp. was typically the second or third 
most abundant taxon of chironomid. Cladotanytarsus spp. was far 
more abundant in the intertidal substratum where mean density was 
103.7, than in the shallow/intermediate and channel substrata with 
mean densities of 1.0 and 3.5, respectively. Cryptochironomous spp. 
demonstrated a similar but somewhat less abrupt trend with mean" 
densities in the intertidal, shallow/intermediate and channel of 
98.4, 63.8 and 5.7, respectively. In the'shallow/intermediate 
substratum Tanytarsus spp. and Procladius spp. were of note with 
mean densities of 27.8 and 26.1, respectively. In the channel 
substratum no taxon of chironomid, other than Polypedilum spp., had 
a mean density greater than 5.7. 

In the intertidal substratum, cladocerans, nematodes, amphipods and 
bivalves were the third through sixth most abundant taxa, 
respectively, and when added to the oligochaetes and chironomids 
discussed above accounted for over 96 percent of the total mean 
density in the intertidal substratum (Table 6; Fig. 16). Of these 
taxa, only nematodes recorded the highest density relative to 
substratum in the i~tertidal area. 

In the shallow/intermediate substratum, amphipods, isopods, 
polychaetes and bivalves were the third through sixth most abundant 
taxa, respectively, and when added to the oligochaetes and 
chironomids discussed above accounted for over 98 percent of the 
total mean density in that substratum (Table 6; Fig. 16). 
Oligochaetes, bivalves, amphipods, isopods and chironomids all 
recorded the highest density relative to substratum'in the 
shallow/intermediate are~. 

In the channel substratum turbellarians was, the second most abundant 
taxon with a mean density of 291.6 comprising over 10 percent of the 
total mean density of macroinvertebrates in that substratum (Table 
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6; Fig. 16). Elsewhere they were scarce at best accounting for not 
more than 0.3 percent of the catch. Chironomids, amphipods, 
polychaetes, cladocerans and isopods were the third through seventh 
most abundant taxon, respectively, and when added to oligochaetes 
and turbellarians accounted for over 96 percent of total mean 
density in that substratum. Other than turbellarians as discussed 
above, only polychaetes and cladocerans recorded the highest density 
relative to substratum in the channel area. 

The total mean biomass (g/m 2 
) for all seasons and substrata in the 

sampling zones ranged from 2.9099 in Zone 4 to 35~4645 in Zone 2 
(Table 7; Fig. 17). However, the locally heavy incidence of the 
Asian clam, Corbicula fluminea, in Zone 2, accounting for over 94 
percent of the total mean biomass in that zone, grossly overshadows 
the remainder of the invertebrate community. Although taken in 
Zones] and 4, the mean biomass of Corbicula fluminea was relatively 
low at 0.5892 and 0.1003, respectively. It was not collected in 
Zone 5. SUbtracting the biomass of Corbicula taken in each zone 
indicates a general similarity in total mean biomass among zones 
ranging from 2.0888 to 2.8097 in Zones 2, 3 and 4, with Zone 5 
recording the highest biomass of 4.6374. 

In Zone 2 the dominant taxa relative to mean biomass . (without 
Corbicula) in order of decreasing abundance were oligochaetes, 
bivalves, isopods, chironomids and amphipods accounting for over 96 
perce~t of the total mean biomass Table 7; Fig. 18). Since 
oligochaetes and chironomids were weighed before speciation in the 
laboratory, the density-data presented above should be referenced 
relative to species composition. The dominant bivalves, excluding 
Corbicula, were a relatively large group of immature individuals 
only identifiable to the class level, and the freshwater mussel 
Elliptio complanata. The dominant taxa of isopod and amphipod were 
Cyathura polita and Gammarus spp., respectively. 

In Zone 3 the dominant taxa in order of decreasing abundance were 
oligochaetes, isopods, ectoprocts, amphipods, chironomids and 
polychaetes accounting for over 98 percent of the total mean biomass 
(Table 7; Fig. 18). The highest regional mean biomass was recorded 
in Zone 3 for oligochaetes, isopods, chironomids and ectoprocts. 
However in the case of oligochaetes, mean biomass in Zone 3 was only 
slightly higher than Zone 2. Ectoprocts were uniquely abundant'in 
Zone 3 where they represented over 11 percent of the total mean 
biomass. The dominant isopod and amphipod taxa were Cyathura polita 
and Gammarus spp., respectively, and Scolecolepides viridis was the 
dominant polychaete. 
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In Zone 4 the dominant taxa in order of decreasing abundance were 
polychaetes, amphipods, oligochaetes, isopods, and chironomids 
accounting for over 99 percent of the total mean biomass (Table 7; 
Fig. 18). The highest regional mean biomass was recorded in Zone 4 
for amphipods. Polychaete biomass was almost entirely represented 
by Scolecolepides viridis. The dominant isopod and amphipod taxa 
were Cyathura polita and Gammarus spp., respectively. 

In Zone 5 the dominant taxa in order of decreasing abundance were 
polychaetes, bivalves, oligochaetes, isopods, and amphipods 
accounting for over 96 percent of the total mean biomass (Table 7; 
Fig. 18). The highest regional mean biomass was recorded in Zone 5 
for polychaetes and bivalves excluding Corbicula. Polychaete 
biomass was almost entirely represented by Scolecolepides viridis. 
The dominant bivalve taxon was Rangia cuneata, and the dominant 
isopod and amphipod taxa were Cyathura polita and Gammarus spp. 

The total mean biomass (g/mZ ) for all seasons and zones in the 
intertidal, shallow/intermediate and channel sampling substrata was 
1.1258, 18.1005 and 15.5750, respectively (Table 8; Fig. 19). 
However, the locally heavy incidence of the Asian clam, Corbicula 
fluminea, in the shallow/intermediate and channel substrata of Zone 
2 clouds the character of the remainder of the invertebrate 
community. Although taken in the intertidal SUbstratum, the mean 
biomass of Corbicula fluminea was relatively low at 0.3620. 
SUbtracting the biomass of Corbicula taken in each substratum 
indicates a general similarity in total mean biomass between the 
shallow/intermediate and channel substrata with total mean biomass 
of 3.9352 and 4.5535, respectively. Total mean biomass in the 
intertidal substratum was 0.7637. 

In the intertidal substratum the dominant taxa in order of 
decreasing abundance were oligochaetes, ectoprocts, chironomids, 
isopods, and amphipods accounting for almost 94 percent of the total 
mean biomass (Table 8; Fig. 20). Of the dominant taxa, only 
Ectoprocts recorded the highest mean biomass relative to substrata 
in the intertidal area where they represented 31 percent of the 
total mean biomass. The dominant isopod and amphipod taxa were 
Cyathura polita and Gammarus spp, respectively. 

In the shallow/intermediate substratum the dominant taxa in order of 
decreasing abundance were oligochaetes, bivalves, polychaetes, 
isopods, amphipods and chironomids accounting for over 98 percent of 
the total mean biomass (Table 8: Fig. 20). The highest mean biomass 
among substrata was recorded in the shallow/intermediate for 
oligochaetes, bivalves, isopods and chironomids. However, in the 
case of oligochaetes, the difference between shallow/intermediate 
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and channel substrata was not great. The dominant taxa of bivalve 
excluding Corbicula, was Rangia cuneata, and the dominant polychaei 
was Scolecolepides viridis. The dominant isopod and amphipod taxa 
were Cyathura polita and Gammarus spp, respectively. 

In the channel substratum the dominant taxa in order of decreasing 
abundance were polychaetes, oligochaetes, amphipods, isopods, and. 
chironomids accounting for over 97 percent of the total mean biomas 
(Table 8; Fig. 20). The highest mean biomass among substrata was 
recorded in the channel for polychaetes and amphipods. However, 
regarding amphipods, the differences among substrata were not great 
The dominant polychaete was Scolecolepides viridis. The dominant 
isopod and amphipod taxa were Cyathura polita and Gammarusspp, 
respectively. 

spatial and Temporal Distributions 

In Zone 2 total mean density (n/m2 ) was highest during summer at 
3,432.0, but total mean density in spring was only slightly. lower at 
3,319.8 (Table 9: Fig. 21). Total mean density decreased in fall 
and winter to 2,810.6 and 2,241.3, respectively. The total mean 
density of oligochaetes, the dominant taxon during all seasons, 
ranged from 1,896.6 in winter to 2,559.2 in summer, accounting from 
61.2 to 84.8 percent of the total mean density of 
macroinvertebrates. The total mean density of chironomids, the 
second most abundant taxon in all seasons but fall, was relatively 
high in spring and summer at 817.9 and 607.2, respectively, but 
decreased in fall and winter to 102.2 and 135.3, respectively. The 
total mean density of bivalves was relatively stable through the 
seasons ranging from 106.7 in winter to 181.2 in fall. Total mean 
density of isopods was highest in spring at 83.6 with an 
intermediate spike in seasonal abundance in fall with a density of 
43.3. The mean density of amphipodS was high and highest in summer 
and fall, respectively, when densities were 34.4 and 49.4, 
respectively. 

In Zone 3 total mean density was highest in spring at 6,337.7, 
decreased through the remaining seasons (Table 9; Fig. 21). The 
total mean density of oligochaetes, the dominant taxa during all 
seasons, ranged from 1,402.9 in winter to 3,709.1 in spring, 
accounting from 45.5 to 90.4 percent of the total mean density of 
macroinvertebrates. The total mean density of chironomids, the 
second most abundant-taxon in all seasons but spring, was high and 
highest in spring and summer at 736.7 and 1,376.5, respectively, bu' 
decreased in fall and winter to 90.3 and 96.3, respectively. The 
total mean density of amphipods and isopods was highest in summer at 
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592.5 and 438.2, respectively. Turbellarians were uniquely abundant 
in spring at a mean density of 1,304.1 and then again at a lesser 
level (202.8) in winter. 

In Zone 4 total mean density was highest in summer at 4,308.1, and 
otherwise ranged from 1,046.7 in winter to 2,967.3 in fall (Table 9; 
Fig. 21). Oligochaetes was the dominant taxon in all seasons, but 
was taken in lower seasonal mean densities than in Zones 2 and 3. 
Total mean density of oligochaetes was high and highest in summer 
and spring at 1,766.7 and 1,986.8, respectively, and low and lowest 
in winter and spring at 929.1 and 809.3, respectively. The total 
mean density of chironomids, the second most abundant taxon in all 
seasons but summer, was highest and high in summer and fall at 957.6 
and 901.3, respectively, but decreased in winter to 61.2. Seasonal 
total mean densities of isopods were similar in spring, summer and 
fall ranging from 106.3 to 185.2, but decreased to 37.5 in winter. 
In contrast, the total mean density of amphipods spiked in summer at 
1,026.7, and were not taken in the winter. Total mean density of 
polychaetes was highest in spring at 198.7. 

In Zone 5 seasonal total mean density was relatively high and 
similar in spring and fall at 2,109.0 and 1,977.1, respectively 
(Table 9; Fig. 21). It was low and lowest in winter and summer at 
885.5 and 440.0, respectively. In summer the mean density of 
typically important taxa all decreased, except for isopods. The 
total mean density of oligochaetes, the dominant taxon in all other 
seasons with densities ranging from 469.0 to 1731.2, was 52.0 in 
summer. Polychaetes was the most abundant taxon in summer with a 
total mean density of 135.9, but they much more abundant in spring 
at 478.5. Chironomids were least abundant in summer with a total 
mean density of 38.8: seasonal mean densities otherwise ranged from 
79.7 in spring to 111.5 in winter. Total mean densities of 
amphipods were low but similar in summer and fall at 67.7 and 76.2, 
respectively. Seasonal mean densities were higher and not 
dissimilar in spring and winter at 164.0 and 195.1, respectively. 
Isopods were most abundant in summer with seasonal total mean 
densities ranging from 10.0 to 31.1. Cladocerans were uniquely 
abundant in spring at a mean density of 446.1. 

Seasonal biomass within Zones must be examined, as before, with and 
without Corbicula fluminea. This was a fall and winter phenomenon 

. where with Corbicula total mean biomass in Zone 2 was 68.7860 and 
60.8477, respectively, and without Corbicula it was 1.4586 and 
2.8819, respectively (Table 10: Figs. 22 and 23). Without 
corbicula, total mean biomass was relatively high and similar in 
summer and winter at 2.5119 and 2.8819, respectively. In spring and 
fall i~ was lower and similar at 1.5030 and 1.4586, respectively. 
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Oligochaetes was the most abundant taxon relative to biomass in all 
seasons but winter when bivalves were slightly higher. Oligochaete 
biomass seasonally ranged from 0.5465 in spring to 2.2156 in summer 
accounting for over 88 percent of the total mean biomass of 
macro invertebrates in that season. Isopods was the second most 
abundant taxon in spring and fall with total mean biomass of 0.3373 
and 0.2546, respectively; in summer and winter it was 0.0543 and 
0.0268, respectively. Total mean biomass of chironomids was highes~ 

in spring at 0.3189, and decreased in SUbsequent seasons. Total 
mean biomass of amphipods was highest in fall at 0.1666, and it was 
the only season which this taxon made an appreciable contribution to 
the total biomass of Zone 2. 

In Zone 3 total mean biomass was highest in summer at 5.2201; 
otherwise it ranged from 1.2122 in winter to 2.8286 in spring (Tabl 
10; Fig. 23). Oligochaetes was the most abundant taxon based on 
biomass in all seasons, however in summer oligochaetes accounted forr 
only 28 percent of the total mean biomass. Seasonally the total 
mean biomass of oligochaetes ranged from 0.9265 in winter to 1.5278 
in spring. In summer amphipods, isopods, chironomids and ectoprocta 
reached seasonal maximum levels in mean biomass at 0.6432, 1.2897, 
0.4096 and 1.2628, respectively, individually accounting from 8 to 
25 percent of the total mean biomass in that season. In the other 
seasons these taxa remained as relatively important, but were less 
abundant and contributed a smaller portion to the total biomass in 
the zone. 

In Zone 4 total mean biomass was highest in spring at 4.2257; 
similar and relatively high in summer and fall at 3.1231 and 3.1569 
respectively; and low during winter at 0.7331 (Table 10; Fig. 23). 
Polychaetes was the most abundant taxon in spring with a total mean 
biomass of 3.0696 accounting for over 72 percent of the biomass for 
the zone in that season. Isopods and oligochaetes were second and 
third most abundant with total mean biomass of 0.4293 and 0.2784, 
respectively. In summer amphipods was the most abundant taxa with 
total mean biomass of 1.5126 accounting for over 48 percent of the 
total mean biomass in the zone during that season. Oligochaetes and 
isopods were second and third most abundant with total mean biomass 
of 0.8852 and 0.4784, respectively. In fall polychaetes was the 
most abundant taxon with a total mean biomass of 1.9266 accounting 
for over 61 percent of the biomass for the zone in that season. . 
Oligochaetes and isopods were second and third most abundant with 
total mean biomass of 0.4309 and 0.3651, respectively. In winter 
oligochaetes was the most abundant taxon with a total mean biomass 
of 0.4976 accounting for over 67 percent of the biomass for the zonr 
in that season. Isopods and polychaetes were second and third most 
abundant with total mean biomass of 0.1458 and 0.0752, respectively. 
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In Zone 5 seasonal total mean biomass was highest in spring at 
12.1627: otherwise ~t ranged from 3.7774 in summer to 0.8904 in 
winter (Table 10: Fig. 23). Polychaetes was the most abundant taxon 
in all seasons but fall when oligochaetes were more abundant. In 
spring total mean biomass of polychaetes was 8.7753, bivalves, 
principally Rangia cuneata, ranked second with a total mean biomass 
of 2.8543, and oligochaetes ranked third at 0.3031. In summer total 
mean biomass of polychaetes was 2.7477, isopods ranked second with a 
total mean biomass of 0.7409, and amphipods ranked third at 0.1688. 
In fall oligochaetes were the most abundant taxon with a total mean 
biomass of 0.5913, bivalves were second at 0.3941, and polychaetes 
were fourth at 0.2302. Crangon septemspinosa was third at 0.2909, 
but this was the only season and zone in which it was collected. In 
winter polychaetes regained dominance with a total mean biomass of 
0.4969, amphipods were second at 0.1745, and oligochaetes were third 
at 0.1236. 

In the intertidal substratum the total mean density (n/mZ ) was 
highest in summer at 2,819.1: spring and fall were similar at 
1,574.2 and 1,359.3, respectively; and winter was low at 192.5 
(Table II: Fig. 24). Oligochaetes was the most abundant taxon in 
all seasons but summer with total mean densities in summer and fall 
nearly equal at 1,138.4 and 1,164.1, respectively; mean density in 
spring and winter were 860.2 and 174.2, respectively. Chironomids 
was the most abundant taxon in the intertidal substratum in summer 
when total mean density spiked at 1,341.1: in spring and fall they 
were second most abundant with total mean densities of 347.9 and 
74.2, respectively: and in winter density was very low at 0.9. In 
spring cladocerans were third at 216.4; in summer and winter 
nematodes were third at 129.2 and 6.6, respectively: and in fall 
amphipods were third at 47.0. Total mean density of amphipods was 
higher in summer at 62.1 but they ranked fifth in that season. 

In the shallow/intermediate substratum the total mean density (n/m") 
was high and similar in spring and fall' at 4,353.0 and 4,269.4, 
respectively: slightly lower in summer at 3,958.3: and considerably 
lower in winter at 2,398.7 (Table 11; Fig. 24). Oligochaetes was 
the most abundant taxon in all seasons with total mean densities 
ranging from 2,066.7 in summer to 3,188.2 in fall seasonally 
accounting for from 52 to 87 percent of the total mean density in 
the substratum. Chironomids was the second most abundant taxa in 
all seasons but summer when they were third. Total mean densities 
ranged from 148.9 in winter to 755.2 in spring seasonally accounting 
for from 6 to 17 percent of the total mean density in the 
substratum. Isopods seasonally ranked from third to fifth in 
abundance with total mean densities ranging from 44.1 in winter to 
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399.7 in summer. Amphipods ranked second in summer and third in 
spring with total mean densities of 799.5 and 339.6, respectively. 

In the channel substratum total mean density was highest in spring 
at 4,5L8.7, decreasing through the oth~r seasons from 2,935.6 in 
summer to 2,249.8 i~ fall to 1,849.9 in winter (Table 11; Fig. 24). 
Oligochaetes was the most abundant taxon in all seasons. Total mea~ 

density was high and relatively similar in spring, summer and fall 
ranging from 1,869.9 to 2,068.7: total mean density in winter was 
1,258.0. Oligochaetes seasonally accounting for from 46 to 85 
percent of the total mean density in the substrata. Turbellarians 
was the second most abundant taxon in spring with a mean density of 
1,007.7: they were also second in winter with a much lower density 
of 154.0. Seasonally, chironomids was second or third most abundan' 
taxon with total mean densities ranging 79.8 in fall to 532.7 in 
spring. Amphipods was ranked second in Summer when total mean 
density spiked at.429.4. Other notable seasonal spikes in density 
were polychaetes and cladocerans in spring at 348.3 and 335.5, 
respectively. 

Seasonal biomass within the substrata must be examined, as before, 
with and without Corbicula fluminea. This was a fall and winter 
phenomenon in Zone 2. However its influence carries over into the 
substrata and discussed separately below. In the intertidal 
substratum, with or without Corbicula, seasonal total mean biomass 
was highest in summer at 2.5662 and 1.7820, respectively (Table 12; 
Figs. 25 and 26). Without Corbicula, seasonal total mean biomass in 
spring and fall were similar at 0.6050 and 0.5689, respectively; 
with or without Corbicula biomass in winter was unchanged and low a~ 

0.0990. Without Corbicula, oligochaetes was the most abundant taxon 
in all seasons but summer. In summer the ectoprocts were uniquely 
abundant in the intertidal substratum with a mean biomass of 0.9453 
comprising over 53 percent of the total mean biomass in that season. 
Total mean biomass of oligochaetes was also highest in summer at 
0.4017; otherwise biomass ranged from 0.0815 in winter to 0.2995 in 
spring. Isopods exhibited some seasonal fluctuations in total mean 
biomass when in spring and fall it ranked second at 0.1230 and 
0.1784, respectively: while in summer and winter biomass was 0.0133 
and 0.0020, respectively. Notable seasonal spikes in biomass were 
chironomids in summer at 0.2797, and amphipods in fall at 0.1215. 

In the shallow/intermediate substratum with Corbicula, total mean 
biomass was highest in fall at 30.7076 and relative high in winter 
at 24.6752 (Table 12: Fig. 25). Without Corbicula total mean 
biomass was highest in spring at 6.4103, lower in summer at 4.2596, 
and lowest and similar in fall and winter at 2.4591 and 2.6117, 
respectively (Table 12: Fig. 26). In the spring without Corbicula 
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fluminea, polychaetes and bivalves, principally Rangia cuneata, were 
the first and second most abundant taxa with total mean biomass of 
i.3641 and 2.1645, respectively. Isopods, oligochaetes and 
chironomids were third, fourth and fifth with total mean biomass of 
0.6570, 0.4817 and 0.3705, respectively. In the remaining seasons 
oligochaetes were the most abundant taxon with total mean biomass 
ranging from 1.1747 in winter to 1.6956 in summer.' In summer 
isopods and amphipods ranked second and third with total mean 
biomass at seasonal maximum levels of 1.5699 and 0.4410, 
respectively. In fall isopods and bivalves (Rangia) ranked second 
and third with total mean biomass of 0.3664 and 0.3144, 
respectively. In winter bivalves, principally Elliptio complanata, 
and isopods reversed rankings with total mean biomass of 1.0617 and 
0.2243, respectively. Polychaetes ranked fourth summer through 
winter as biomass declined from the spring peak to 0.2924 in summer, 
to 0.1555 in fall and to 0.0618 in winter. Chironomids were ranked 
fifth in all seasons with total mean biomass ranging from 0.0396 in 
winter to 0.3705 in spring. 

In the channel substratum with Corbicula, total mean biomass was 
high and similar in fall and winter at 25.5633 and 23.1431, 
respectively (Table 12: Fig. 25). Without Corbicula total mean 
biomass was highest in spring at 8.5246, decreasing in summer to 
4.9328, to 3.1791 in fall and to 1.5776 in winter (Table 12: Fig. 
26). Polychaetes and oligochaetes were the first and second ranked 
taxa in all seasons but winter. Seasonally, total mean biomass of 
polychaetes ranged from 0.j659 in winter to 6.7594 in spring: 
biomass of oligochaetes ranged from 0.8825 in fall to 1.3574 in 
summer. Seasonally, isopods ranked third or fourth with total mean 
biomass ranging from 0.1337 in winter to 0.3393 in summer. 
Amphipods ranked third in'summer when total biomass spiked at 
1.2644: in fall amphipods remained third but at 0.3620. In winter 

,oligochaetes ranked first and polychaetes second with isopodsand 
amphipods third and fourth, respectively. 

Megabenthos 

Data on megabenthos, which within the scope of this study included 
only blue crab, grass shrimp and sand shrimp, was collected by TLA 
during two collection periods in 1992. Regrettably, "summer" and 
"fall" sampling was conducted in the consecutive months of September 
and October with only four to six weeks separating efforts at the 
sampling locations. Water temperature ranged from 14.5 to 23.2 °C 
during the September sampling and from 10.4 to 16.3 'C during 
October, but showed a decrease of from 7.9 to 11.5 °C at respective 
stations between sampling periods. Salinity was 0.0 ppt in Zones 2 
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and ~ in both September and October. In Zone 4 salinity was 0.0 ir 
october, but a trace was measured in September, i.e., 0.5 - 0.9 ppt 
In Zone 5 salinity ranged from 4.7 to 10.0 ppt in September, and 
from 3.5 to 6.2 ppt in October. 

A total of 255 blue crab was taken during the two sampling periods; 
185 in September and 70 in October (Table 13). Blue crab were take~ 
in all Zones during both collection periods. In September, 141 
specimens or 76.2 percent of the total catch were taken in Zone 5. 
In October the catches in Zones 3 and 5 were essentially equal 
representing 35.7 and 34.3 percent of the total, respectively. Sex 
ratio generally indicated more male crabs than female. In Zone 5 
during the September sampling effort, the only time and location 
with a reliably large catch, the ratio was 2.0 males/females. 
Carapace width (CW) ranged from 8 to 173 rom (Table 14). During 
September in Zones 2, 3, and 4 over 70 percent of the crabs taken 
were >100 mm CW, while in Zone 5 essentially the inverse was true, 
i.e., over 67 percent were <100 mm CWo Relatively small 
individuals, 8-23 mm CW, were taken in Zones 3 and 4, but were 
isolated singUlar occurrences. However, in October small immature 
specimens dominated the catches in all Zones with over· 88 percent 0 
the specimens taken being S48 mm CWo 

A total of 1,991 grass shrimp (Palaemonetes spp.) was taken during 
the two sampling periods; 1,732 in September and 259 in October 
(Table 13). Grass shrimp were taken in Zones 3, 4 and 5 in 
september, and in all zones during October. In September, 1,670 
specimens or 96.4 percent of the total catch were taken in Zone 5. 
In October the catches in Zones 4 and 5 comprised over 82 percent OL 

the total with grass shrimp being slightly more abundant in Zone 4. 

A total of 1,406 sand shrimp (Crangon spp.) was taken during the twc 
sampling periods; 781 in september and 625 in October (Table 13). 
Grass shrimp were taken only in Zone 5 in september, and in Zones 4 
and 5 during October. In October· only two specimens were taken in 
Zone 4. 

Community Parameters 

Shannonls Diversity Index (HI) was calculated using the density 
values of taxa from. each season ,zone and substratum, and the 
individual values of HI are given in Table 15 and shown in Figure 
27. To gain a sense of overview, individual values were pooled by 
seasonal, regional and depth-related criteria, and median values 
were calculated. They are also .given in Table 15. pooling all 
seasons, zones and substrata yielded a median H' of 2.5333 with a 
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range fr'om 0.2528 to 3.8069. Seasonally, the median HI ranged from 
2.7533 in spring to 2.2212 in fall. Regionally, the median HI 
ranged from 2.6815 in Zone 2 to 2.3164 in Zone 4. Relative to 
depth-related substrata, the median HI in the intertidal, 
shallow/intermediate and channel was 2.5400, 2.6702 and 2.3746, 
respectively. The greatest difference be~ween median values 
calculated from data pooled according the descriptive criteria above 
was 0.5321. This suggests that in the overview there are no 
striking trends in diversity relative season, zones or SUbstrata. 

Pielou's Evenness Index (JI) was also calculated using the density 
values of taxa from each season, zone and substratum, and,the , 
individual values of JI are given in Table 15 and shown in Figure 
28. Like diversity, individual values were pooled by seasonal, 
regional and depth-related criteria, and median values were 
calculated. They are also given in Table 15. Pooling all seasons, 
zones and substrata yielded a median JI of 0.6041 with a range from 
0.1264 to 0.9670. Seasonally, the median JI ranged from 0.6489 in 
spring to 0.5858 in winter. Regionally, the median J' ranged from 
0.6227 in Zone 2 to 0.5638 in Zone 4. Relative to depth-related 
substrata, the median J' in the intertidal, shallow/intermediate and 
channel was 0.6591, 0.5712 and 0.5783, respectively. The greatest 
difference between median values calculated from data pooled 
according the descriptive criteria above was 0.0879. This also 
suggests that in the overview there are no striking trends in 
evenness relative seasons, zones or substrata. 

Alternatively, if the individual values of HI and J' from each 
season, zone and substratum are viewed relative to seasonal extremes 
and magnitude of those seasonal changes, a sense of community 
dynamics and' stability may be achieved. All but one substrata 
achieved their maximum seasonal diversity in spring (seven 
substrata) or summer (four); diversity in Zone 2 - intertidal was 
highest in fall (Table 15). Seasonal minimum diversity occurred 
evenly, i.e. four in each of three seasons, among the substrata in 
summer, fall and winter with no regional or depth-related pattern. 
Regarding evenness, 7 of 12 seasonal maximums in H' coincided with 
seasonal maximums in J', and 9 of 12 seasonal minimums in HI 
coincided with seasonal minimums in JI. In 8 of 12 substrata,. 
seasonal maximums in HI were immediately followed by seasonal 
minimums. This "boom to crash" relative to diversity occurred in 
all three substrata in Zones 2 and 5, as well as in Zone 3 - channel 
and Zone 4 - shallow/intermediate. The largest range in seasonal 
diversity was recorded in Zone 3 - intertidal with a 2.9831 decrease 
from summer high to winter low. All of these decreases, by 
definition, involve a reduction in the of taxa taken or ina change 
in the "evenness" in which they occurred. In the case of Zone :3 
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intertidal, the number of taxa dropped from 30 in summer including 
18 oligochaete and chironomid taxa to four in winter including three 
oligochaetes and a copepod. Examining the "boom to crash" cases, 
all but two involved a substantial decrease in taxa take~, and they 
all exhibited a decrease in evenness. Generally, oligochaetes seem 
to be the constant base supporting the diversity of the communities 
and chironomids, bivalves, polychaetes, amphipods and isopods are 
the variable components that effect diversity with their dynamic 
seasonal changes in abundance. In the case of Zone 5 
shallow/intermediate, the "boom to crash" scenario, summer to fall, 
coincided with an uncharacteristic increase in the number of taxa 
taken, which was heavily countered by a spike in oligochaete 
abundance causing a decrease in the evenness index from 0.7450 to 
o . 3501 

Average linkage cluster analysis was performed on seasonal density 
data from the 12 substrata to identify locations with similar 
benthic abundance. The analysis using spring data indicated two 
clusters with relatively low average dissimilarity (Fig. 29). 
Grouped were the intertidals from Zones 2, 5 and 4, and the channel 
from Zone 2 and 4. In the case of the intertidals, they recorded 
similarly low densities and with relatively few taxa'represented~ 
The channel substrata reflect the next echelon with regard to 
relative abundance and number of taxa present. At the other end of 
the spectrum, Zone 3 - channel was vastly dissimilar from rest as 
reflected in the average dissimilarity value relative to its neares~ 

neighbor, Zone 2 - shallow/intermediate. Zone 2 
shallow/intermediate was also quite dissimilar from the other 
substrata. These two substrata recorded the highest densities for 
the season, and those densities were markedly higher than the rest. 
The substrata layered in between reflect general similarity or lack 
of sufficient dissimilarity to form clusters as gradients of 
abundance and number of taxa represented were more subtle. 

The analysis of the summer data indicated two clusters, 'one with 
relatively low average dissimilarity and the other with relative 
high (Fig. 30). Grouped were the three substrata of Zone 5 where 
seasonal densities were very low relative to the other substrata an~ 

fewer taxa were taken. The second group included Zone 2 
shallow/intermediate and Zone 4 - channel which were not that 
similar toone another as indicated by the average dissimilarity at 
the point of their fusion, but were very dissimilar from the other 
substrata also indicated by the point of fusion. These substrata 
had the first and third highest densities but only a moderate numbel 
of taxa were taken. The remaining substrata reflect unremarkable 
shades of similarity/dissimilarity. 
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The analysis of fall data also indicated two distinctive clusters 
and one or possibly two outliers (Fig. 31). The first group 
included the intertidals from Zones 2, 3 and 5 and the channels from 
Zones 4 and 5, second included the shallow/intermediates from Zones 
2, 3 and 5 and the channels from Zones 2 and 3. These groups 
generally reflect substrata of relatively l~w and high abundance, 
respectively. The obvious outlier was Zone 4 - shallow/intermediate 
by virtue of its singular position and average dissimilarity at the 
point of fusion. While the density and number of taxa taken in this 
substrata were similar to Zone 3 shallow/intermediate which was 
clustered with the other shallow/intermediate substrata, the 
relative dominance of taxa was different. In Zone 3 
shallow/intermediate chironomids were uniquely dominant over 
oligochaetes which were dominant in all other substrata. The second 
outlier was Zone 4 - intertidal which was grouped with the other 
intertidals, but was fused at such a point that the similarity was 
marginal. 

The analysis of the winter data indicated three clusters, the most 
distinctive of which included shallow/intermediates from Zones 2 and 
3 (Fig. 32). These substrata were the locations of the highest 
seasonal density and where the most taxa were taken, though 
oligochaetes were heavily dominant. The group including' the 
channels from Zones 2 and 4 do not reflect great similarity to one 
another as indicated by the average dissimilarity at the point of 
fusion, but do represent the next echelon in abundance. Within the 
larger major cluster, the group including the intertidals from all 
four zones reflects the lowest seasonal densities and fewest number 
of taxa taken. 

Water Quality Summary 

Mean surface and bottom water temperatures measured in each of four 
sampling zones during seasonal collection experiences are given in 
Table 16 and shown in Figure 33. During spring water temperature in 
all samples ranged from 12.5 to 17.5 ·Ci mean temperature in surface 
and bottom waters ranged from 13.3 to 15.6 ·C. Surface and bottom 
means were lowest in Zone 2 and highest in Zone 5. During summer 
water temperature in all samples ranged from 22.5 to 28.0 ·Ci mean 
temperature in surface and bottom waters ranged from 23.8 to 25.7 
·C. Surface and bottom means were highest in Zone 2. During fall 
water temperature in all samples ranged from 7.5 to 12.5 ·Ci mean 
temperature in surface and bottom waters ranged from 9.4 to 11.3 ·C. 
Surface and bottom means were lowest in Zone 2, and highest in Zone 
5. During winter water temperature in all samples ranged from 2.0 
to 6.5 ·Ci mean temperature in surface and bottom waters ranged from 
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2.5 to 5.8 ·C. Surface and bottom means were lowest in Zone 5, and 
highest in Zone 2. In all but one case, Zone 2 - fall, mean 
temperature was higher in surface waters than bottom. 

Mean surface and bottom salinity measured in the four sampling zone: 
during seasonal collection experiences are given in Table 16 and 
shown in Figure 33. Salinity was ° only detected in Zone 5. In 
spring sal inity ranged from 0. to 1.0 ppt with means in surface an( 
bottom waters of 0.0 and 0.1 ppt. In summer salinity in all sample~ 

in Zone 5 ranged from 0.0 to 4.0 ppt with means in surface and 
bottom waters of 1.7 and 2.4 ppt. In fall salinity in Zone 5 ranger 
from 0.0 to 4.0 ppt with means in surface and bottom waters of 1.3 
and 1.7 ppt. In winter salinity in Zone 5 ranged from 0.0 to 2.0 
ppt with means in surface and bottom waters of 0.4 and 0.7 ppt. In 
all cases but spring mean salinity was higher in bottom waters. 

Mean surface and bottom conductivity measured in each of four 
sampling zones during seasonal collection experiences are given in 
Table 16 and shown in Figure 33. During spring conductivity in all 
samples ranged from 90 to 900 ~mhos; mean values in surface .and 
bottom waters ranged from 98 to 293 ~mhos. During summer 
conductivity in all samples ranged from 180 to 6,000 ~mhos; mean 
values in surface and bottom waters ranged from 187 to 3,433 ~mhos. 
During fall conductivity in all samples ranged from 100 to 6,000 
~mhos; mean values in surface and bottom waters ranged from 125 to 
1,788 ~mhos. During winter conductivity in all samples ranged from 
110 to 2,200 ~mhos; mean values in surface and bottom waters ranged 
from 110 to 815 ~mhos. seasonally, surface and bottom means were 
lowest in Zone 2 and highest in Zone 5. Mean values in Zones 3 and 
4 were much more similar to Zone 2 than Zone 5, but were 
progressively higher moving downstream. Seasonally, Zone 5 
exhibited the greatest range in conductivity. Surface and bottom 
values within a zone were similar. 

Mean surface and bottom dissolved oxygen measured in each of four 
sampling zones during seasonal collection experiences are given in 
Table 16 and shown in Figure 33. During spring dissolved oxygen in 
all samples ranged from 7.4 to 11.4 mg/l; mean values in surface and 
bottom waters ranged from 8.8 to·9.7 mg/l. Surface and bottom means 
were lowest in Zone 3. During summer dissolved oxygen in all 
samples ranged from 4.3 to 8.6 mg/li mean values in surface and. 
bottom waters ranged from 5.3 to 7.1 mg/l. Surface and bottom means 
were lowest in Zone 4. During fall dissolved oxygen in all samples 
ranged from 7.9 to 10".5 mg/l; mean values in surface and bottom 
waters ranged from 8.5 to 10.1 mg/l. Surface and bottom means were 
lowest in Zone 4, and highest in Zone 2." During winter dissolved 
oxygen in all samples ranged from 11.8 to 13.2 mg/li mean values in 
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surface and bottom waters ranged from 12.3 to 12.6 mg/l. Surface 
and bottom means were lowest in Zone 3. Mean values of dissolved 
oxygen were typically lower in bottom waters. 

Sediment Particle Size Analysis 

A total of 218 grab samples were analyzed and the average percent 
composition by grain size classification for the study area, each of 
the zones, and in each of the 12 substrata is given in Table 17. 
For the study area in general, the silt/clay component of the 
sediment comprised 31.4 percent by weight and was the highest single 
classification group. Coarse to fine sands ranged from 10.2 to 16.8 
percent, and pebbles and very fine sand were 11.5 and 9.1 percent, 
respectively. Within each zone, silt/clay was again the highest 
classification group comprising from 19.6 to 45.0 percent of the 
sediment by weight. Medium sand was the second highest component in 
all zones but Zone 2, where medium and fine sands were essentially 
equal. Medium sand comprised from 12.3 to 20.2 percent of the 
sediment by weight. In the channel and shallow/intermediate 
substrata, the silt/clay classification was the highest g40UP in all 
zones but Zone 4 where in the channel substratum medium sand was 
highest. Silt/clay comprised from 23.9 to 63.9 percent of the 
sediment by weight in these substrata. In all zones but Zone 4, the 
classifications of medium to very fine sand were the second highest 
groups in the channel and shallow/intermediate substrata comprising 
14.0 to 21.0 percent. In the intertidal substrata, no grain size 
classification comprised >28 percent. Medium sand was the highest 
classification comprising from 19.3 to 27.8 percent; second highest 
component of the sediment in intertidal substrata was pebbles, 
coarse sand or slit/clay depending on the zone. These components 
ranged from 18.6 to 23.3 percent of the sediment by weight. 

An average linkage cluster analysis was performed using the sediment 
particle size data to identify substrata with similarities in 
sediment composition. The analysis indicated three clusters roughly 
aligned by substrata (Fig. 34). The group inciuding the intertidals 
from all zones and Zone 4 - channel share the general 
characteristics of relatively low silt/clay and high pebbles with 
similarities in the coarse to tine sand content. The group 
inclUding the shallow/intermediates from Zones 3, 4 and 5 and Zone ~ 
- channel were the substrata with highest silt/clay content. The 
group including the channels Zones 2 and 3 and Zone 2 
shallow/intermediate were not strongly similar as indicated by the 
average dissimilarity at the point of fusion, but do share the 
characteristic of a relatively moderate silt/clay content. 
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HISTORICAL COMPARISON
 

The references included in the review and comparisons are listed 
chronologically by DRBC zone in Table 18. Also listed are the stud 
design features such as location, dates, collection frequency, gear 
type and nature of reported results. The available references span 
some 20 years, and cluster roughly in two time periods, the early 
1970's and the mid 1980's. Species lists from all references were 
pooled to produce a cumulative list of reported benthic 
macro invertebrate taxa collected in the study area (Table 19). 

General Community Characterization and Comparisons 

Benthic macro invertebrates from nine phyla have been reported in thf 
available literature: Porifera (sponges), Cnidaria (jellyfish and 
hydroids), Platyhelminthes (flatworms), Nemertea (ribbon worms), 
Nematoda (round worms), Annelida (clam worms, leeches and aquatic 
earthworms), Mollusca (clams and snails), Arthropoda (insects, 
crustaceans and arachnids), and Ectoprocta (moss animals). In the 
present study representatives of all phyla but Porifera were 
collected. When pooled into higher taxa to match the format of the 
present study, members of the class Oligochaeta (aquatic earthworms 
or sludge worms), the fly family Chironomidae (midges), the order 
Amphipoda (scuds or sideswimmers), the order Isopoda (aquatic pill 
bugs) ,and the class Polychaeta (bristle worms) were reported as 
predominant taxa based on density in various combinations through 
the years and within different zones (Table 20). Oligochaetes were 
the most abundant taxa in all zones and all studies through the mid 
1980's. However in surveys conducted by RMC (1988) and USEPA (1990) 
in Zone 5 amphipods and polychaetes were the most abundant taxa, 
respectively. The dominant taxa in the historical databases were 
also found to be dominant taxa in the present study. There were 
also similarities between the historical and present studies with 
regard to the most abundant genus and/or species within the dominant 
pooled taxa. Among the oligochaetes Limnodrilus spp., and more 
specifically ~. hoffmeisteri and L. udekemianus, was historically 
and during the present stUdy the most abundant genus and/or species. 
Cyathura polita remains the most abundant isopod and Gammarus spp. 
the most abundant amphipod. Corbicula fluminea continues to be the 
most abundant bivalve in the study area. 

While the dominant pooled taxa and their most abundant members have 
not changed through the period of review, changes in the occurrence 
and abundance of some other component genera and species have 
occurred. This is particUlarly true for the oligochaetes and 
chironomids. Taxa not reported until or after the mid 1980's 
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include: the oligochaete taxa, Enchytraeidae, Megascolecidae, the 
Naidae genera Arcteonais,' Chaetogaster, Nais, parana is, Piguetiella, 
Pristina, Pristinella, and Specaria, and the Tubificidae genera 
Aulodrilus, Haber, and Isochaetides. Conversely, taxa reported in 
the historical literature but not collected in the present study 
include the oligochaetes Aeolosoma hemprichi, Stylaria lacustris, 
Branchiura sowerbyi, Limnodrilus angustipenis, ~. cervix, L. 
orofundicola, Potamothrix moldaviensis, Psammoryctides curvisetosus, 
and Tubifex spp. Except for Elliptio complanata, no other Unionidae 
clams were identified in the present study. Other notable taxa not 
taken in the present study include the sponges (Porifera), barnacles 
(Cirripedia), emergent insects such as mayflies (Ephemeroptera) and 
dragonflies (Odonata), and snails (Gastropoda) with the exception of 
freshwater limpets (Ancylidae). 

On a regional level there'were records of first occurrence or 
possibly extensions of local distributions for selected taxa noted 
during the present study. The polychaete Scolecolepides viridis, an 
endemic estuarine species, was historically reported in Zone 5 of 
the stUdy area; it was first collected in Zones 4 during mid 1980's; 
and during the present study it was collected in Zones 2 and 3 as 
well. Other estuarine taxa taken in areas further upstream than 
previously reported were the Cumacea (small shrimplike crustaceans) . 
collected in Zones 2 and 4, the amphipods Corophium spp. and 
Monoculodes edwardsi in Zone 4, and the isopods Cassidisca lunifrons 
and Chirodotea almyra in Zone 2. Nemertea, generally an estuarine 
and marine phyla with one known freshwater species, were recorded 
for the first time in Zones 2 and 3. 

Regional Characterizations and Comparisons 

Zone 2 

Comparable historical references were only available at the extremes 
of the review period: 1971 through 1973 (Anselmini, 1974; Crumb, 
1976 and 1977) and 1990 (USEPA, 1990). In all years including the 
present study as well, oligochaetes and chironomids were the 
dominant taxa in the benthic invertebrate community. Crumb (1976 
and 1977) reported Corbicula fluminea for the first time in 
September 1971, and commented on the coincidental reduction in 
abundance of endemic unionid clams. The predominance of Corbicula 
in the present study was described at length previously. During the 
1971 through 1973 studies the oligochaete Limnodrilus hoffmeisteri 
comprised over 90 percent of the benthic ma9roinvertebrate community 
based on density data. In the present study the entire class of 
Oligochaeta represented slightly over 75 percent of the total mean 
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density in Zone 2 and included several more genera and species thar 
during the early 1970's. Using data from October 1971 and fall data 
from the present study, respective densities of ~. hoffmeisteri were 
similar at 1,370 and 1,429. Calculations from the present study 
included the appropriate proportion of· unidentified tubificids #2 a_ 
L. hoffmeisteri. Crumb (1977) reported the highest density of L. 
hoffmeisteri in June at 3,215 and 4,552 during both 1972 and 1973, 
respectively. Ouring the present study the seasonal maximum was 
recorded in summer as well but at the lower value of 1,634. 

Regarding the chironomids, the family remained a dominant part of 
community but the dominant and secondary representative members have 
changed. Crumb (1977) reported only three taxa of chironomids, and 
Procladius cUliciformis was the heavily dominant species. In the 
present study at least 13 taxa were collected, including Procladius, 
but Polypedilum spp. was the singularly dominant taxa, followed by 
Cladotanytarsus spp. and Cryptochironomous spp. In summer 1972 
Crumb (1977) reported the density of Procladius cUliciformis ranged 
from 209 to 281. In the present during the summer quarter, the mean 
density of Procladius spp.in Zone 2 was 20.3, while densities of 
Cladotanytarsus spp. and Polypedilum spp. were 273.1 and 215.5, 
respectively. 

Zone 3 

Available references were limited to two, PAS (1985) and USEPA 
(1990). PAS (1985) data was collected during the summer of 1985, 
and it was semi-quantitative in that density was calculated for somi 
but not all taxa. It appears that the most abundant taxa were 
oligochaetes, represented by Limnodrilus spp., L. hoffmeisteri and 
Pristina spp., and the isopod Cyathura polita. In the summer of 
1990 oligochaetes comprised over 98 percent of the total 
macro invertebrates (USEPA, 1990), represented by Limnodrilus 
hoffmeisteri, ~. udekemianus and unidentified immature tubificids 
without capelliform chaetae (unidentified tUbificids #2 in the 
present study). In present study in order of decreasing abundance, 
the dominant taxa were oliochaetes, chironomids, amphipods and 
isopods in aggregate comprising over 96 percent of the total mean 
density of benthic macroinvertebrates. Relative to oligochaete taxc 
the present study compares favorably with the USEPA (1990) data 
except Nais variabilis was abundant in the present study. 

DELEP/BENTHOS FINAL REPORT· DECEMBER 1.993 

EnVironmental Consulting SerViCes. lC 



37
 

DELEP/BENTHOS FINAL REPORT DECEMBER 1993 

Environmental ConsulUng Services. Inc. 

Zone 4 

Available references were limited to three qualitative and three 
quantitative studies. References from the early to mid 1970's were 
qualitative; Bason (1971) stated that benthos in the area was livery 
limited" with only three groups represented, leeches, tubificid 
worms and several fingernail clams, Potter and Harmon (1973) stated 
that tubificid worms were abundant and few other organisms were 
collected, and Harmon and Smith (1975) reported that slightly over 
50 percent of the taxa were Oligochaeta (primarily TUbificidae) and 
Hirudinea (leeches). It appears in the mid 1970's tubificid 
oligochaetes were the dominant taxa. In the mid to late 1980's the 
list of dominant taxa expands to include not only oligochaetes but 
also amphipods and isopods (PAS, 1985; VJSA, 1986; RMC, 1988). In 
all studies oligochaetes were the most abundant taxa, and in PAS 
(1985) singularly so. Isopods and amphipods trade second and third 
positions in relative dominance as reported in VJSA (1986) and RMC 
(1988). The studies conducted in the 1980's were seasonally 
restricted to the fall. Fall data from the present study shows that 
in order of decreasing abundance, the dominant taxa were 
oligochaetes, chironomids, isopods and amphipods representing over 
96 percent of the total mean density of macro invertebrates in Zone 
4. 

Zone 5 

References describing the benthic macroinvertebrate community cover 
the 20 year span of available literature reasonably well (Table 20). 
In the early to mid 1970's studies generally agree that oligochaetes 
and seasonally amphipods, represented by Gammarus spp., were the 
dominant taxa. Oligochaetes were not identified below class. In 
1979 and 1980 Rogalsky and Collier (1981) also reported that 
oligochaetes were most abundant, and chironomids were first 
mentioned as a dominant taxa. During the mid 1980's through 1990 
some combination of oligochaetes, polychaetes, isopods and amphipods 
were listed as dominant taxa. Chironomids were listed with 
oligochaetes and po1ychaetes by Beck et ale (1985). Although 
polychaetes, represented by Scolecolepides viridis, were collected 
in Zone 5 during the early 1970's, it was not specifically reported 
as a dominant species until the mid 1980's. During the present 
study in order of decreasing abundance, the dominant taxa were 
oligochaetes, polychates, amphipods, cladocerans, chironomids, 
isopods and nemerteans representing over 96 percent of the total 
mean density of macro invertebrates in Zone 5. 
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BENTHIC RESOURCE ASSESSMENT TECHNIQUE
 

A total of 55 grab samples collected during the summer of 1992 were 
processed as described previously for the BRAT. The benthic 
macro invertebrates taken in these samples were taxonomically groupec 
into six major categories and five specimen size classes. The 
average biomass by taxon and size class from each of the 12 samplin~ 
substrata is given in the top portions of Tables 21 through 25. 
Those taxa collected in sediment samples, but did not occur in the 
stomachs of the test fish were not included in the data tabulation. 
These biomass values represent the potential trophic support from 
the benthic invertebrate community available within each substratum, 

A total of 128 fish of the design 420 specimens were collected by 
TLA during September 1992, and the stomach contents analyzed as 
described previously for the BRAT. By design the BRAT matrix of 
dietary information was to have been seven fish species and size 
groups by 12 sampling substrata, yielding 84 cells of data. The 121 
specimens taken, filled 32 of those data cells. Spot were rare to 
non-existent in the Delaware estuary in the summer of 1992, and 
their absence results in 24 empty cells. White perch and striped 
bass were taken with greater success. For white perch 19 of 24 
possible cells were represented. However, for striped bass only' 13 
of 36 possible cells were represented. The lack of success, 
partiCUlarly with striped bass, most likely reflects the behavioral 
preferences of the species for certain habitat over others, as well 
as some collection gear selectivity. It is not surprising that 
relatively large striped bass (>200 mmFL) were not present in the 
intertidal areas of any zone; equally expected was that relatively 
small specimens «200 mmFL) were not available in any the channel 
areas. These represent 12 empty cells. The absence of. information 
in the other cells should be viewed as just bad sampling luck, and 
not construed to mean the fish do not use those areas as feeding 
habitat. 

By design each data cell was to contain the pooled dietary 
information from five specimens, and that was achieved in 20 of 32 
cases. Those cells with less than five stomachs include three with 
four, one with three, five with two, and three with one. Obviously. 
those cells with one stomach must be viewed with caution as to how 
representative that individual was of the size group, but the data 
was retained for demonstration and discussion purposes. 

The benthic macroinvertebrates found in the stomachs of each of two 
species and five size classes of fish· were taxonomically grouped 
into the same six major categories and five food item size classes 
as the grab samples above. The pooled biomass by .taxon and size 
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class from each of the 12 sampling substrata was converted to a
 
proportion of total stomach contents, and is given in the middle
 
portions of Tables 21 through 25. These proportions represent the
 
apparent exploitation and selectivity pattern of each species and
 
size group as they gain trophic support from the benthic
 
invertebrate community available within each substratum.
 

As described above there are a number of missing data cells because 
the fish specimens were not available, and they are so indicated in 
the tabular presentations. Additionally, there are three cells 
empty because the pooled stomach contents did not match any of the 
macro invertebrate taxa by food item size categories taken in the 
sediment grab samples in the respective substratum. In the cells 
where values of trophic support were calculated, there are examples 
of partial information resulting from the occurrence of food item in 
the stomach with no reciprocal number in the sediment data. To 
quantify and evaluate this, a "Coincidence Efficiency" (CE) factor 
was calculated based on the number of matches that occurred between 
sediment and stomach samples divided by the total number of food 
items categories identified. For the entire sample of 128 stom.achs, 
regardless of fish species or size, the CE was 0.7422, or the 
stomach contents had reciprocal values from the sediment data 74.2 
percent of the times. To quantify and evaluate the level of lost 
dietary/trophic support information resulting from the "misses" 

.described above, a "Dietary Coverage" (DC) factor was calculated 
based on the average proportion of stomach contents missed or not 
considered in the tropic support value. It was calculated by 
summing the proportion of stomach content missed when there was no 
match and dividing by the number of misses, then SUbtracting that 
number from one. For the entire sample, DC was 0.7824, or 78.2 
percent of the aggregate dietary composition was reflected in the 
reciprocal sediment grab samples. Values for CE and DC were 
different for each species and size class, and will be addressed 
below as appropriate. 

For white perch ~150 rom FL, the data matrix was nearly complete with 
10 of 12 cells filled; the best representation of all five fish size 
classes. The CE and DC were also the highest with values of 0.8113 
and 0.8481, respectively. Predatory exploitation patterns on 
macro invertebrates by this group as measured by stomach contents 
were based on five stomachs in 7 of 10 cells, four stomachs in one 
cell and two stomachs in two cells. 

Total trophic support (g/m2 
) by zone and substrata ranged from 

0.0057 in the shallow/intermediate substratum of Zone 2 to 0.7645 in 
the channel of Zone 4 (Table 21; Fig. 35) •. In Zones 3 and 4 where 
all three substrata are fully represented, the shallow/intermediate 
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and channel substrata provided higher trophic support than the 
respective intertidal areas. Along the upstream-downstream axis of 
the river, Zones 3 and 4 seem to offer greater support than the 
respective counterparts in Zones 2 and 5. White perch S150 mm FL 
utilized all food taxa except mollusca: but fed most heavily on 
amphipods in all zones and substrata. . 

For white perch >150 mm FL, the data matrix included 7 of 12 cells. 
The CE and DC were 0.7059 and 0.8421, respectively. Predatory 
exploitation patterns on macroinvertebrates were based on five 
stomachs in 4 of 7 cells, and on four, three and two stomachs, 
respectively, in each of the three remaining cells. 

Total trophic support (g/m2 ) by zone and substrata ranged from 
0.0083 in the. intertidal substratum of Zone 5 to 0.1918 in the 
shallow/intermediate substratum of Zone 3 (Table 22; Fig. 36). In 
Zone 5, the only zone where all three substrata are fully 
represented, the shallow/intermediate and channel substrata providec 
higher trophic support than the intertidal area. In the 
shallow/intermediate substrata of Zones 3 and 4, the total trophic 
support values were very similar and comparable to those recorded ir 
these substrata for white perch S150 mm FL. Along the 
upstream-downstream axis of the river, there is a suggestion in the 
data that Zones 3 and 4 may offer .greater support than the 
respective counterparts in Zones 2 and 5. White perch >150 mm FL 
utilized oligochaetes, amphipods and isopods; but fed most heavily 
on amphipods in all zones and substrata from which data was 
available. 

For striped bass S100 mm FL, the data matrix included 5 of 12 cells. 
The CE and DC were 0.6957 and 0.7481, respectively. Preqatory 
exploitation patterns on macro invertebrates was based on five 
stomachs in 4 of 5 cells, and one stomach in the remaining cell. 

Total trophic support (g/m2 
) by zone and substrata ranged from 

0.0208 in the intertidal substratum of Zone 4 to 0.1797 in th~ 
shallow/intermediate substratum of Zone 4 (Table 23). In Zone 4, 
the only zone where two substrata were represented, the 
shallow/intermediate substratum provided higher trophic support than 
the intertidal area. Since the data is patchy at best, no other 
comparisons are prUdent, except that the values recorded for striped 
bass S100 mm FL were very similar to those recorded for white perch 
in analogous locations. Striped bass S100 rom FL utilized all food 
taxa except mollusca; but fed most heavily on amphipods and isopods. 

For striped bass 101-200 mID FL, the data matrix included 4 of 12
 
cells. The CE and DC were 0.5385 and 0.6137, respectively.
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Predatory exploitation patterns on macroinvertebrates was based on 
five stomachs in 2 of 4 cells, and four stomachs and one stomach the 
two remaining cells. Total trophic support (g/m2 ) by zone and 
substrata ranged from 0.0000 to 0.0061; only values from intertidal 
substrata from each of the four zones was available (Table 24). 

For striped bass >200 mm FL, the data matrix included 3 of 12 cells. 
The CE and DC were 1.0000 and 1.0000, respectively. Predatory 
exploitation patterns on macro invertebrates was based on one stomach 
in 2 of 3 cells, and two stomachs in the remaining cell. Total 
trophic support (gjm2 ) by zone and substrata were 0.0184 in the 
channel of Zone 5, and 0.2045 and 0.2105 in the shallow/intermediate 
and channel substrata, respectively, of Zone 4 (Table 25). Of note 
is that the values recorded in Zone 4 are comparable to other values 
in those areas. 

SUMMARY 

GENERAL SURVEY 

The benthic macroinvertebrate community or communities in the 
Delaware River between the C & 0 Canal and Trenton, NJ was or were 
represented in this study by 129 taxa of nine phyla, but the 
quantitative measures of abundance, i.e., density and biomass, 
suggest that relatively few taxa were seasonally and regionally 
dominant. From the population perspective as measured by density, 
the macro invertebrate community was heavily dominated by the 
oligochaetes more commonly known as sludge worms, followed by the 
chironomids or midge larvae. Both groups are considered pollution 
tolerant and are able to live in otherwise stressful and limiting 
low oxygen environments. Other important groups with "better" 
reputations were amphipods, turbellarians, isopods, polychaetes and 
bivalves. In every case the larger group is heavily dominated by a 
single genus or species; Limnodrilus of the oligochaetes, 
Polypedilum of the chironomids, Gammarus of the amphipods, Cyathura 
polita of the isopods, Scolecolepides viridis of the polychaetes, 

,and Corbicula fluminea of the bivalves. In most cases these larger 
taxonomic groups were represented additionally by other genera and 
species, but their occurrence was intermittent andjor abundance was 
relatively low. The implications and significance of the occurrence 
of the other genera and species will be discussed below relative to 
species diversity and historical status and trends. 

From a seasonal perspective, benthic macro invertebrate community
 
obtained similarly high aggregate or total densities in spring and
 
summer. With regard to individual dominant taxa, seasonal mean
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densities support this trend with two exceptions. Seasonal mean 
density of oligochaetes peaked in fall, and bivalves obtained 
similarly high mean densities in fall and winter. From a regional 
perspective, benthic macro invertebrate community obtained highest 
total density in Zone 3; Zones 2 and 4 were intermediately. similar, 
and Zone 5 was lowest. Relative to dominant taxa most did not 
follow this general trend. The regional mean density of bivalves 
was highest in Zone 2: chironomids and amphipods peaked in Zone 4, 
and polychaetes in Zone 5. Oligochaetes, turbellarians and isopods 
did record the highest regional densities in Zone 3, and the 
abundance of oligochaetes and turbellarians (virtually absent in 
other zones) influenced the total density. Relative to the habitat 
type or depth, the benthic macro invertebrate community obtained the 
highest total mean density in the shallow/intermediate substratum, 
followed in order by the channel and intertidal substrata. Most 
dominant taxa followed this general trend, except polychaetes and 
turbellarians which peaked in the channel substrata. 

Relative to biomass, the benthic macroinvertebrate community was 
dominated by three taxa: bivalves, essentially all the Asian clam, 
Corbicula fluminea, polychaetes, almost exclusively Scolecolepides 
viridis , and oligochaetes, mostly Limnodrilus spp. Corbicula 
fluminea, was singularly dominant. Its abundance was seasonally and 
regionally concentrated in Zone 2 during fall and winter 
complicating the characterization of the remaining macroinvertebrate 
community. Accordingly, the results presented earlier were couched 
in a "with and without" Corbicula context. Without Corbicula for 
all seasons combined, the order of importance or dominance changes 
to place polychaetes, almost exclusively Scolecolepides viridis, in 
the position of most abundant, followed closely by oligochaetes, 
mostly Limnodrilus spp. and somewhat more distantly by isopods, 
almost exclusively Cyathura polita. Interestingly, the abundance of 
Scolecolepides viridis was also somewhat seasonally and regionally 
restricted. Although taken. in other seasons and zones, this 
polychaete was decidedly most abundant in Zone 5 during the spring. 
Underlying the seasonally episodic abundances of Corbicula and 
Scolecolepides was that of the oligochaetes. They were taken in all 
seasons and zones, however seasonally, maximum biomass was recorded 
in either Zone 2 or 3. Within zones and between seasons oligochaete 
biomass was relatively stable compared to the two previous species 
which exhibited definite seasonal and regional spikes in abundance. 
Amphipods were taken in all seasons and zones but Zone 4 in winter. 
Seasonally, maximum ~iomass was recorded in Zone 4 except obviously 
in winter. Isopods were taken in all seasons and zones: seasonally 
biomass was highest in Zone 3. 
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Relative. to descriptive community parameters of species diversity 
and evenness, the results indicated no striking trends with regard 
median values within primary design categories like seasons, zones 
or substrata. Median values of diversity ranged from 2.2212 to 
2.7533, and evenness ranged from 0.5783 to 0.6591. However, viewing 
the raw values for patterns of maximum and minimums, and the 
magnitude and timing of those changes does yield a few general 
points. Diversity typically peaked in spring or summer, but the 
seasonal minimums occurred in summer, fall or winter with no 
regional or substrata related pattern. Diversity appears to be a 
seasonally fragile measure in that in 8 of 12 substrata seasonal 
maximums were followed immediately by seasonal minimums. The 
largest change was recorded in the intertidal substrata of Zone 3 
where the diversity dropped 2.9831 from a summer high to a winter 
low decreasing from 30 to 4 taxa collected. 

Cluster analysis performed on seasonal data from the zones and 
substrata yielded suggestions of similarity between locations which 
rarely persisted season to season. The most telling result was that 
in a given season substrata were layered one onto another suggesting 

. a general similarity or lack of sufficient dissimilarity to form a 
distinctive cluster. This was particularly obvious in the spring 
and summer analyses. Those clusters that were formed reflected the 
seasonal extremes of species composition and relative abundance as 
was previously described. 

HISTORICAL COMPARISON 

The benthic macroinvertebrate community in the Delaware RiVer 
between the C and D Canal and Trenton, NJ was then and is now 
dominated by sludge worms, fly larvae, SCUds, aquatic pill bugs, 
bristle worms and an exotic clam. What has changed through time 
seems to be the scale or magnitude of dominance, and the complement 
of sub-dominant representatives has grown in some cases and changed 
in others. Although oligochaetes are still abundant and dominant, 
it is to a lesser relative degree as abundance of the other taxa has 
increased. Historical sources from the early to mid 1970's reported 
oligochaetes as being singularly dominant with relative abundance 
approaching or surpassing 90 percent of the total benthic 
macro invertebrate community. During the present study oligochaetes 
comprised 57 to 75 percent of the community based on annual mean 
densities by zones. Changes in oligochaete species composition 
include the occurrence of less pollution tolerant and more oxygen 
sensitive genera such as Aulodrilus, Nais, Pristina and fx:istinella, 
and the absence of highly pollution tolerant genera such as Tubifex 
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and potamothrix. Chironomids historically a very distant second tc 
oligochaetes, if present at all, exhibited an increase relative 
abundance during the present study where it comprised 6 to 24 
percent of the macro invertebrate community based on annual densitie 
by zones. 

BENTHIC RESOURCES ASSESSMENT TECHNIQUE 

As stated previously, the goal of the BRAT is to assign a more 
meaningful comparative value to benthic communities through their 
trophic linkage to important fishes. The goal of performing the 
BRAT as a demonstration study within the larger benthic survey was 
to evaluate it as a possible technique for future monitoring and/or 
management·uses. Even though the application of the BRAT in this. 
study was far from text-book in its execution, the primary goal was 
accomplished in that the data produced does provide a basis for 
further consideration. . 

The BRAT provides a landscape of what and where sUbject fish specie: 
derive their sustenance. As illustrated in the case of white perch 
~150 mm FL in this study, the channel and shallow/intermediate 
substrata in Zones 3 and 4 were relatively important summer feeding 
grounds, and amphipods were a very important food item. Although 
less complete, the information on white perch >150 mm FL at least 
suggested the particular importance of the shallow/intermediate 
substrata in Zones 3 and 4. These facts may be well known to local 
fisheries experts through their experience and familiarity with the 
body of fisheries literature, but this knowledge is renewed or 
updated in a fragmentary fashion as independent studies of specific 
fishes or macro invertebrate communities are performed and digested 
by the scientific community. The BRAT provides current and 
coincident data measured on an absolute scale allowing the relative 
comparisons in areas where best or least-worse management decisions 
must be made. 

Obviously, the BRAT has interesting potential if employed as part of 
a long~term management strategy. If conducted on a regular basis, 
eg., every five to ten years, the BRAT could provide a standardized 
database upon which to appraise the relative importance of regions 
or habitats, as well as certain macroinvertebrates, to critical fish 
species. It could also be used on a broader scale to periodically 
inventory the benthic macro invertebrate communities, if the studies 
were done at a more discriminating level, i.e., identification below 
major taxa. 
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with the future in mind, certain lessons were learned and 
recommendations can be made relative to critical design criteria. 
Regarding the selection of fish species to study, guidance will be 
forthcoming from theSTAC/Habitat Task Force when it finalizes its 
list of important species. Its obvious now that catfish would have 
been a better choice than spot for this study. Future BRAT efforts 
should include a seasonal element to account for changes in fish 
distribution as well as opportunistic d~etary shifts that may occur 
as a function of the seasonality of specific macroinvertebrates. 
Finally, the coincidence of macro invertebrate and fisheries sampling 
is very important. In this study despite the best efforts of both 
contractors involved, there was nearly a month separating the two 
sampling experiences. Given this timing gap, the Coincidence and 
Dietary Coverage Factors were reasonable, but they would only 
improve if this gap was smaller or non-existent. A smaller gap 
would also increase the probability that food items found in fish 
stomachs were in fact captured in the area in question. 

CONCLUSIONS 

The comprehensive survey of the benthic macroinvertebrate 
communities in the Delaware River between the C and 0 Canal and 
Trenton, NJ performed as a part of this study and reported herein 
provides at a minimum a thorough characterization of the communities 
as they existed in the spring, summer and fall of 1992 and winter of 
1993. This survey will serve as a baseline for future surveys, and 
will provide the comprehensive database to be used in the 
investigation of more specific questions beyond the scope of this 
study. The questions this study does answer are: what is th~re, 
when is it there, how many are there, and where there is. The 
question of "is what is there better than before" is not so easily 
answered, because the definitiOn of "better" is an elusive entity, 
the particulars of which are and will be debated no matter-what is 
put forth as a standard. Therefore, for purposes of this study 
"petter" will judged simply of the premise that change is good, as 
what existed before was considered less than desirable, and factors 
contributing to this undesirable state have improved (i.e., water 
quality) . 

Change within the species composition and relative abundance of the 
benthic macroinvertebrate communities within the study area was 
suggested by the results of this research effort. The existing 
communities would likely still be characterized as dominated by 
pollution tolerant species, but there are signs of improvement. 
Oligochaetes and chironomids,the classic standards for pollution 
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tolerant organisms, were still dominant in the macroinvertebrate 
communities, but their species composition and relative abundance 
within the community suggests change in progress. Since the mid 
1980's, the addition of new families of oligochaetes, i.e., 
enchytraeids and naidids, the species diversification within the 
chironomids, and the ascension to dominance by polychaetes in the 
lower study area and occurrence in the upper have all lessened the 
relative level of community dominance formerly maintained by the 
tubificid oligochaetes. This may indicate that an element of 
pioneerism is in progress as improved conditions allow. A more 
pragmatic view might be that its too early to tell if changes are 
real considering the limitations of the historical database and the 
snap-shot nature of the present study (one year). What is clear is 
that comprehensive surveys like this one must be conducted as part 
of a regular management plan in order to .confirm or discount the 
finding of this study and to provide the necessary information to 
support the evolving CCMP in the future. 

An interesting aside regarding the direction of the CCMP relative to 
the benthic macroinvertebrate communities, language in the request 
for proposals for this study indicated a desire to "establish the 
extent of the recovery of this portion of the estuary has progresse~ 

toward developing a fully functional assemblage of organisms." This 
is not unlike the question of "what is better". Therefore, the 
question of "what is fully functional" must be addressed to 
establish some clear management goals. To that end, a clear 
function of the benthic macro invertebrate communities is to provide 
trophic support to higher levels in the food chain, and defining it~ 
function relative to visible tangible resources like fish would 
likely produce popUlar support and understanding for future actions 
to enhance and protect this segment of the living resources. FuturE 
research should therefore consider a BRAT-type approach to 
monitoring the benthic communities with a trophically linked 
goal-oriented m~nagement focus. 
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Table 1. Collection grids omitted from random selection because 
they contained no sampleable habitat. 

1--- _ --_~~=___________ ___~2~a~If:l .. _ 

r :~-i -~~A 
I . -- --. ----.---

-I~l·-p=T

- ------.- _. .

II 1 - 13 3 - 8 2 - 26 1 - 27 5 - 19 

I	 16 - 23 12 - 14 29 - 46 30 - 34 22 - 26. 

II	 29 - 30 18 - 19 33 - 44 

33 - 35 21 - 27 46 - 52 

56-5829...,.36 

62 -70 65 -10 

73 - 75 73 -15 

78 - 84 78 - 84..._. __ ... ..~ 

.--"_._._---

Table 2. Sediment particle size classes, modified
 
Wentworth grade classification.
 

Grade limits 

Particle millimeters microns 

Pebble > 4.0 

Granule 4.0 - 2.0 

Veryc~r.:;e sand 2.0 - 1.0 2000 

Coarse sand 1.0 - 0.5 
~_._._ .. -	 _. 1000 

Medium sand 0.5 - 0.25 500 ----_._.. _.. 

Fine sand 0.25 - 0.125 250 1 

~ery!~n~sand 0.125 - 0.062 125 -

~~It/ clay < 0.062 
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TaOle 3	 Annual and seasonal mean density (n/m2) of benthiC macrolnvertebrates taken In the 
Delaware River between the C & D canal and Trenton. NJ dunng 1992 and 1993. 

SEASON SPRING SUMMER FAlL WINTER ALL 
ZONE All AlL AlL ALL AU 

DEPTH SUBSTRAl1JM ALL ALL ALL ALL ALL 
0.3 1.2 
0.4 
2.5 2.6 53.5 

17.6 1.9 0.6 
SO.6 10.2 10.0 

7.6 14.7 0.9 
0.3 

253.7 91.0 110.6 

6.0 7.2 03 
0.3 
5.0 

3.5 1.3 18.2 

CHA£TOGAST£R DIAPHANUS 1.5, 0.4j 
NAIS SPP. 53.6 134: 

1.2 

6.3 0.3 
0.3 
3.1 0.3 

PAAANAIS SPP.	 0.3 0.6 0.2 , 
4.7 41.2 
6.6 1.2 

PIGUrn£LLA MICHIGAN£NSIS 18.6, 18.3	 2.5 9.8" 
1.2 
2.5 0.3 

SLAVINA APPCNDICULATA 7.9:	 0.6 2.1 
67.2 13.2 
0.3 0.3 

164.5 39.1 
1465.7 710.9 

0.3 

62.0· 

1.9 8.2 
3.2 5.3 
0.3 7.6 

3.1 
45.9 1164 
97.4: 340 

53.8 
, 

". 
HIRUDINEA	 \1 0:31 0.3' 0.2: 

I 
;	 H£LOBDaLA SPP. 1.3 ,, 0.3! 

I:1 ,,	 H£LOBDaLA STAGNALUS 0.3.; 0.1 , 
PISCICOUDAE 0.3,	 0.11,I,	 .,CYSTOBAANCHUS SPP. , 1.3 03: 
PISCICOLA PUNCTATA :1 0.3: 0.3·: 0.2:--	 I,._PQLYCHAETA	 , 53· 0.9 0.3: 1.6, 

,I. NEREIS SUCCIN£A	 0.3 0.1 I 
~~M~~YUNKIA SP£CIOSA r- 2.6, 13.2	 2.8 4.6:1 

EnVironmental Consulting SerV1~h( 



Table 3: (continued). 

SEASON: SPRING SUMMER 
ZONE: All ALL 

DEPTH SUBSTRATIJM All ALL 
SPIONIDAE 1.1 
POL YDOR4 SPP. 
SCOLECOLEPIDES VIRIDIS 179.4 35.7 
BIVALVIA 7.5 34.2 
CORBICULA FLUMINEA 35.7 24.3: 
R4NGIA CUNEA TA 0.9 1.5 
SPHAERIIDAE 0.9 
PISIDIUM SPP. 2.2 
aupno COMPLANA TA 
ANCYUDAE 0.6 1.5 
LA£VAPEX SPP. 0.3 
AMN/COLA LIMOSI'. 
PHYSIDAE 
ARTHROPODA 0.3: 
ACARIFORMES 
CLADOCERA 193.0 0.3 
LEPTOOOR4 KlNDn 11; 
COPEPODA 14.8, 1.0: 
AMPHIPODA 0.3 0.6: 
GAMMARIDEA 
COROPHfUM SPP. 14.4 ' 5.1 
COROPHIUM LACUSTRE 1.51 
GAMMARUS SPP. 113.6 i 424.0; 
MONOCULOOES EDWARDSI 9.7 0.6! 
CYCLASPIS VARfANS 0.3 1 

ALMYRACUMA PROXIMOCULI 
ISOPODA 3.1 
CYATHUR4 POUTA 84.3. 158.2 
ASELlIDAE 0.3 
CAECIDOTCA SPP. 0.3 
CASSIDISCA LUN/FRONS 1.6 
CHIRIDOTCA ALMYRA 5.3 9.6 
NEOMYSIS AMERICANA 

~ 

3.2 
CR4NGON SEPTEMSPINOSA 
EPHEMEROPTERA 0.3 
HEMIPTERA 0.3: 
HETEROPTERA 2.5: 
OpnOSERVUS SPP. 
BEROSUS SPP. 0.3 
TRICHOPTERA 0.6 
LEUCOTRfCHIA SPP. 
LEPIDOPTERA 
DIPTERA 

~ 

1.9 0.3 ~ 

CERATOPOGONIDAE 5.1 4.1. 
TIPUUDAE 0.3 0.31 
LIMON/A SPP. 2.2: 

iORMOSfA SPP. 3.8! 
CHIRONOMIDAE 11.1 . 1.4, 
CHIRONOMINAE 2.2! 0.31 
TANYTARSINI 0.9! 0.6 
CLADOTANYTARSUS SPP. 136.017.6: 
MICROPSECTRA SPP. 11.5 i 
RHEOTANYTARSUS SPP. 8.8· 0.6! 
TANYTARSUS SPP 8.5: 28.9i 

FALL .WINTER 
ALL All 
All ALL 

0.8 
0.3 

14.7 145 
5.0 15 

47.8 25.8 
0.6 0.9 

6.9 
0.3 

0.3 0.3 
2.2 
0.3 

4.1 

0.3 
0.6 

4.4 2.4 

0.3: 
10.1 46.6 

57.4' 2.8 
0.3 

1.9 0.3 

48.6. 19.4 

4.1 0.6 
76 12 
15 
0.5 

0.3 

0.3 
0.3 . 

0.6 2.2 

1.8, 0.3 
3.1 
0.3 1 
0.61 

0.6 1 

0.3 

All 
All 
All 

0.5'; 
0.1 : 

611 
12.0 
334 
10 
0.2 
2.3 
0.1 
07, 
0:6' 
0.1 ' 
1.0 
0.1 . 
0.1 

48.5; 
03 
5.6 
0.2 
0.1 

19.1 .' 
0.4 : 

149.5 1 

2.6; 
0.1 : 
05 
0.8 

777 
0.1 
01 
1.6 
59 
12 
0.1 
0.1 
0.1 
06 

~:~ i 
0.2 
01 
0.1 
06 
30 
02 
06 
0.9 

1
3.6 ; 
14 . 
0.5: 

36.0:: 
2.91 
2.5: 
9.4 
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Table 3: (continued). 

SEASON SPRING SUMMER FALL WINTER ALL 
ZONE ALL ALL All ALL ALL 

DEPTH SUBSTRAruM' ALL AlL ALL ALL ALL 
CHIRONOMINI 3.6 0.3 3.0 1.7 
CHlRONOMOUS SPP. 0.3 0.4 0.6. 0.3 
DICROT'£NDIP£S SPP. 2.8 6.9 1.6 0.6 3.0 
GL 'fPTOTENDIPCS SPP. 0.3 0.1 . 
POL 'fPCDILUM SPP. 383.0 342.6, 256.2 63.3 266.3 ' 
CRYPTOCHlRONOMOUS SPP. 53.9 147.6 14.0 6.4 56.0 
ORTHOCLADIINAE 11.0 5.8. 0.6 4.4 
CRICOTOPUS/ORTHOCLADIUS SPP. 1.5 SO.1 6.6 14.6 
NANOCLADIUS SPP. 6.6 1.7 

, SMrrnASPP. 0.3 0.1 ; 
TANVPODINAE 2.2 0.6 : 

, ABLA8ESMYlA (EXCEPT ANNULATA) 
ABLABESMYlA SPP. 

3.8 
0.8 

0.9 
0.2 

APSECTROTANYPUS SPP. 6.8 2.2 
PROCLADIUS SPP. 33.4 6.6 8.8 3.7 13.1 
ECTOPROCTA 1.3 0.6 0.5 

, UNIDENTIFIABLE ORGANISM 0.6; 0.6 03 
UNIDENTIFIED ORGANISM 4.7 9.5 3.5 
UNIDENTIFIED ORGANISM 1 12.3· 7.4 4.3 4.7 72< 
UNIDENTIFIED ORGANISM 3 0.3 0.1 

Total mean density n/mal , 3481.9 3237.6; 2626.1 1480.4 2706.5 

POOLED TAXA 

'nJRBELLARIA 348.1 ; 2.5: 2.13; 53.5 101.7 
NEMERTEA 1.6 1 17.6: 1.9 ' 0.6 5.4 
NEMATODA 21.S! SO.S: 10.2 10.0 23.2 
OLiGOCHAETA 1849.4 ; 1691.6 : 2091.4. 1174.4 17017 
HIRUDINEA 2.2: 1.6 0.6 1.1 
POLYCHAETA 1ee.4, 49.6! 15.5 16.2 660 
BIVALVIA 47.21 60.01 60.2. 26.5 49.0 
GASTROPODA 0.91 1.5 : 4.4 2.6 2.4 
CLADOCERA 193.0: 1.4' 0.6 46.7' 
AMPHIPODA 
CUMACEA 

139.6' 430.3 
0.3' 

68.1 : 
1.9 

49.4 
0.3, 

171.6 
0.6 1 

ISOPOOA 94.9! 167.81 60.3· 21.3'1 66.1 : 
CHIRONOMIDAE 545.3: 745.0' 293.8 101.1 ; 421.3-· 
OTHER TAXA 49.7 1 19.1 ' 13.5 19.9 : 25.6 ' 

PERCENT OF TOTAL 

TIJRBElLARIA 10.0 0.1 0.1 3.6 36 
NEMERTEA 0.0. 0.5. 0.1 0.0 02 

" NEMATODA 0.6 1.6 ' 04 0.7; 0.9 
OLiGOCHAETA 53.1 52.2· 79.6' 79.3 62.9' 
HIRUDINEA 0.1 0.1 . 0.0: 0.0; 
POLYCHAETA 5.4 1.5: 0.6: 1.2 ' 2.5: 
BIVALVIA 1.4 

I 

1.91 2.3: 1.9'1 1.6:! 
GASTROPODA 
CLADOCERA 
AMPHIPODA 
CUMACEA 

0.0 
5.5 
4.0 

0.01 
0.01 

13.3 i 
0.01 

0.2! 
0.0; 
2.61 
0.1 ! 

0.2: 
I 

3.3:' 
00 

0.11' 
1.6,1 
6.3!l 
o.o'! 

ISOPODA'rCHIRONOMIDAE 
2.7 

15.7 
5.21 

23.0 
2.3 : 

11.2 ' 
1.4. 
6.8': 

3.2'1 
15.6'1 

i 
" OTHER TAXA 1.4 0.6i 0.5 13" 09 : 
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"able 4	 Annual and s_onal mean tllomillSS l'illml) of benlhie macrolfwertebrates taken 'I' lh.
 
Delaw.e Riv. between lhe C 5. D canal Mel Trenlon NJ. during 1992 and 1993
 

SEASON SPRING SUMMeR FALL . WINTER ALL 
ZONE --'--;;ALTL..-"'-..:...::..;AL... .."7L=---'-:AL:=.;L~-L=---AL.-f7'L:..:---AL

CEPTH SUBSTRATUM ALL ALL ALL ALL ALL 
HYDAOZoA o0003 ' 0 0001 0 0&51 
HYDRICAE 0,0002 0.ססOO 

TURBEI.l..AAIA 0.0052 00005 0.0010 0.0023 0.0023 
NEMERTEA 0.0055 0,0070 0.0130 0.00021 O.OOIM 
NEMATODA 0.0004 O.OO8li1 0.0001 0.0007 0.0025 
OLIGOCHAETA 0,ee40 115HI 0.8050 0.7204 . 0.8352 
HIFlUDINEA 0.0001 0.0003 0.0001, 
HELOSOELI.A SPP. 0,0003 0.001e 

STAGNALUS 00030 . 0.0007 
0.0003 0.0001 

SSPP 0.0010 0.0003 
PISC TATA 0.ססOO 0.0014' 0.0005 
POLYCHAETA 0.0057 0002lil 0.0004 0.0023 
NEREIS SUCCINEA 0.0002,1 OJ)001 
MANAYUNKIA SPECIOSA 0.0003 0.0011 0.ססOO ' 0.0005 
SPIONIDAE 0.003e 0.0003: 0,0010 
POL YOORA SPP. I 0.ססOO' 0.ססOO 

SCOLECCLEPIOES VIRIDIS 3.03eliI 07158 0.5389. 0.1422 ' 1.1084' 
BIVALVIA 0.0381 0.0178 0.0014 ' 0.253liI 0,0773' 
CORSICULA FLUMINEA 0.113li1 2.3184 170li11li1 : 14.5430 ' 8.5183 
RANGIA CUNEA TA 0.71 HI 0.01 HI 00lil85 ' 0.0017 I 0,205liI1 
SPHAERIIDAE 0,0012 0.0003 
PISIDIUM SPP. 0.0062 0.0087 
ELLIPTIO COMPLANATA O.OliI8li1·. 
ANC\'1.IDAE 0.0003 0.0001 0.0001 0.0003 ; 
LAEVAPEX SPP 00003 00030: 
AMNICCLA I.IMOSA 0.0011 ' 0.0003 
PHYSIOAE 0.0072 0.001', 
",FlTHROPODA 0.0013 : 0.0003 
ACARIFOFlMES 0.0010 1 0.0003 
CLAOOCEFIA 0.0158 0.00311l 
LEPTOOORA KJNOTI 0.ססOO' 0.ססOO' 

COPEPODA 0.0003 0.ססOO 0.ססOO. 0.0002 0.0002 
AMPHIPOOA 0.0001 0.0003 ; 0.0001' 
GAMMMIOEA 0.0017 '; 0.0004 
COROPHIUM SPP. 0.01112 0,0032: 0.0101 0.0233 0.0132' 
COROPHIUM I.ACUmE 0.0011 : 0.0003 
GAMMARUS SPP. 0.0892 0.5858 0.1827 0.0246' 0.2205 
MONaCULODES EOWAROSI 0.0049 0.0005 0.0007 0.0015 
CYCl.ASPfS'IAlUANS 0.0001 0.ססOO 

ALMYRACUWA PROXNOCULI O.oooe 0.0001 0.0002' 
ISOPOOA 0.0002 0.ססOO 

CYATHURA POLffA 0.327E1 0.8283· 0.2250, 0.1108 .: 0.3229 
ASELLIOAE 0.ססOO • 0.ססOO 

I CAECIOOTEA gP. 0,0001 I 0.ססOO 

CASSIDISCA I.UNlFRONS 0.0022 0.0043: 0.0007 0.001' 
CHIRIOOTEA ALM~ 0.0153 0.01251 0.0287: 0.0087 0.0183 
NEOMYS/S AMERICNiA 0.00331 0.0017 : 1 0.0012 
CRANGO NaSA 0.0727 I 0.0182 
EPHEMER 00002' 1 0.0001, 
HEMIPTERA O.OOOO~ 
Io1ETEFlOPTEFlA 0.0001 j
OPTIOSERVUS SPP. 0.0001· 
SEROSUS $PI'. 00004 
TFlICHOPTERA 0ססoo 1 
LEUCOTFfICHIA SPP. 0.0002 
LEPIDOPTERA 0.0005 
DIPTEFIA
 0.0001 
CERATOPOOONIOAE
 o.oooe 
TlPULIOAE
 0.0003 
LIMONIA SPP. 0.0031 
ORMOs/A SPP. 0.0002 
CHIFIONOMIDAE 0.1115 
ECTOPROCTA 0~.07lllS
UNIDENTIFIABLE ORGANISM '--:::--=:=:':"'1--.-:°"".:- UNIOENTIFIED ORGANISM O. 
UNIDENTIFIED OFiGANISM 1 0.0072 

.. LLNtQ!NTlFtEO ORGANISM 3	 0.ססOO=''"'''===""-==='="'~~-~:~-===; 
i 

_ Total m.alII biomU$.!Uml,~_:_"5~351 .:5~~!.~~, 1.9.c.l~~},5.9724 L 11.elOO4 
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T&I:I~ 4: (continued). 

OUARTER SPRING SOMMER FALL wlN'fEF! All 
ZONE Al.L AI.L ALL AI.L Al.L

POOLED TAXA DEPTH SUBSTRATUMI, Al.L AI.L ALl. Al.L 
ruRl3al.AAIA 0.0052 0.0005 0.0010 0.0023, .=!m 
NEMERTEA 0.0055 0.0070 0.0130 0.0002 i 
NEMATODA 0.0004 0.0089 0.0001 0.0007l 0.0025 
OLIGOCHAETA 0.6G40 1.1515 0.8050 0.72044 0.11352 
HIRUDINEA 0.0021 O.OOOG 0.0044 , 0.0033 
POLYCHAETA 3.0465 0.7196 0.53lil2 0.1437.' 1.1123 
BIVAl.IIlA 0.86lilO 2.34&1 17.2005 14.8li17S' 8.8282 
GASTROPOOA 0.0007 0.0001 0.0072 0.0044) 0.0031 
CLADOCERA 0.0158 O.OO3G -AMPHtPODA 0.1115 O.saM 0.lM2 0.047lil, 0.23e1j 
CUMACEA 0.0001 0.0006 0.0001 ' 
ISOPODA 01200 1 03410 
CHIRONOMIDAE O.lNl 0.1832 0.0552 0.02131. 0.1115: 
OTHER TAXA 0.0418 0,3273 0.07lil3 0.00lil5 0.1145 

1 
PERCENT OF TOTAl. " 

! 

TURBEiD)u( 0.10 0.01 0.01 0.01 : 0.02 
NEMERTEA 0.10 0.12 0.07 0.00 O.OG 
NEMATODA am 0.15' 0.00 0.00 0.02 
OLIGOCHAETA 12.54 Hi.27 4.20 4.511 7.20 
HIRUDINEA 0,04 0.03 0.03 0.03 
POLYCHAETA 5755 12.04 2.81 O.lilO 9.5lil 
BIVAl.IIlA HI.42 39.26 89.77 lil3.27 . 7e.l0 
GASTROPOOA 0.01 0.00 0.04 0.03 0.03 
CLADOCERA 0.2lil 0.03 
AMPHIPOOA 2.11 9.87 1.02 0.30 2.03 
CUMACEA I 0.00 0.00. 0.00 0.00 
ISOPOOA 'I IHl2 10.73' 1.35 0.75' 2.94 
CHIRONOMIOAE ! 3.52 3.07 0.2lil 0.13~ 0.96 
OTHER TAXA 0.7lil 5.48 0.41· O.OGi 0.9lil 

I 
! 1

WITHOUT CORBICUi..A F!.UMINEA I :
1 
" : ruRBeLtAUX 0.0052 0.0005 0.60,0, 0.6023 O.Wzai 

NEMERTEA 0.0055 0.0070 0.0130 0.0002 0.0064 
NEMATODA 0.0004 0.0089 0.0001 0.0007 0.0025 
OllGOCHAETA 0.6G40 1.1515 0.80!50 0.7204 ' 0.11352 , HIRUDINEA 0.0021 O.OOOG 0.0044, 0.0033 
POlYCHAETA : 3.0465 0.7196 0.5392 0.1437 1.1123 
BIVAl.IIlA 1 0.7551 0.02lil4 0.1088 0.3545 0.31";' 
GASTROPOOA 0.0007 0.0001 0.0072! 0.0044·1 0.0031 
CLAOOCERA 0.0158 0.0039 
AMPHIPODA O.saM, , 0.1115 0.lM2' 0.0479 0.23451 
CUMACEA 0.0001. 0.0006 0.0001 0.0002 
lSOPOOA 0.3454 0,8408 ! 0.25791 0.1200. 0.3410 
CHIRONOMIDAE O.lNl 0.1832 0.0552, 0.0213 0.1115 
0 0.0418 0.3273; 0.07lil31 0.0095 0.1145 

II ! 
1 TotIII ~ biomau 81m2~ 5,1800 3.l!lS81 1 2.06lil0 ; 1.4294 3.0141 

PERCENT OF TOTAl. (w/O COFlBICULAl !I I 
! 

ruRsa:UiiliX I 010 0.01 005· 0.181 0.07.
NEMERTEA 0.11 0.19 0.83, 0.01 0.21 
NEMATODA 0.01 0.24, am, 0.05 0.08 
OllGOCHAETA 12.82 31,48, 38.lilO ; 50.40 27.08 

, HIRUDINEA 0.04 0.321
 0.31 0.11 
POLYCHAETA 58,81 llU7 28.08 '
 10.OG 36.08 
BIVAl.IIlA 14.58 0.80, 5.25! 24.80 10.11 
GASTROPOOA 0.01, 0.00' 0.351 0.31 0.10 
CLAOOCEFIA I 0.30 I 0.13 
AMPHIPODA 2.15 HI.12 ' IU4, 3.35 7.85 
CUMACEA 0,00' 0.031
 0.01 0.01 
ISOPODA e.e7 17.52 12.47,
 8.3lil 11.08 
CHIRONOMIOAE 3.5lil 5.01 ' 2.57'
 1.49 3.61 
OTHER TAXA i 0.81 IU5 3.83: 0.67 3.71 

Em1ronmental. Consulting Services. lC 
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Table 5: (continued). 

ALL ALL SEASON _....:A..:.:L:.::L:....-_-..:..7=-__~=- ALL__-.:....:.:;::-~ 
ZONE. 2 3 4 5 

DEPTH SUBSTRATUM '-;-A:-7L7L-----:7-:-----;-:'-:------:-:'-:- ALL ALL ALL 
SPIONIDAE 1.1 0.8 
POL YDORA SPP 0.3 
SCOLECOLEPIDES VIRIDIS 2.2 9.4 62.0 170.8 
BIVALVIA 25.5 14.9 6.2 1.5 
CORBICULA rLUMINEA 115.9 13.1 4.4 
RANGIA CUNEATA 4.0 
SPHAERIIDAE 0.9 
PISIDIUM SPP. 16 5.6 1.9 

.--...:E::..:L=L;:.:IP..."7i:...:.10:;...,.:C::::O:;.:M.:.:.:...P=LA..:.;N..:.;A..:-,T.:..:.:A..:....... -70"".3:..- -"--__..,,.....,----'
 

--:A..:.;N~C==Y.:,.:U:=:D=A:;::,E==::--------------70-:.6:_·---~---=2-:.1:-- :
.--...:LA::::-::::E;.:lI.:7;:A;:-.P-:E.;:.:'X:-:S:;..:P:-:-P;=:,;'~:--- .__-=2:..::.2:-- ..:.......__..::.0;.;:.3=--- ,,!. 

AMNICOLA UMOSA 0.3 
PHYSIDAE 4.1 ;1 

---':A:-:R:=:;T;;:'H~R::::O~P==O:::;D·A:----------------r---;:;-0.-::;3-:-; --------', 

==AjC~A~R~I;F~01RM~~E~S:================:=====~0~.3:'====~:~~=====:~=======:l 
CLADOCERA 1.6 73.9 6.9 111.5: 

.--...:L;::E;;.P-=1i=O::;:D::::O;:,:R.:..;::A...:..:..:K.::.:..7N;..:D:..;1i:...:.I -70"".3'+; ·-70:..;:.8'+'__--,.-,-__--,-,,~1 
COPEPODA 3.6 4.4j 4.4 10.3'1 

. AMPHIPODA 1 0.9 
GAMMARlDEA 0.3" 
COROPHIUM SPP. 15.4 60.8:i 
COROPHIUM LACUSTRE 1.5i
 
GAMMARUS SPP. 24.8. 167.0 i 352.9· 53.1 'I
 
MONOCULODES EDWARDSI 0.6 10.0 i 
CYCLASPIS VARIANS ' 0.3 

'---=A~LM~Y;::R.;:;A~C~U;;;-=M:::::A:.::.;P:;;R~O;.;:X;;.;IM:-:;:OC=U;'7.U;-;----'---~0~.3;:-';----1---1""'".9.;;;..----

ISOPODA 2.81 0.3 , 

NEOMYSIS AMERICANA 4.131 
~C==R::7A~N:i7:G=O=N=S::E=P7i=f'E.~M.;...;S;:.;.P.;...;IN;..;...;:;..O...;:.S;;..;A----~----'----~---- ___=0~.5: 

EPHEMEROPTERA 0.3: 
HEMIPTERA 0.31 

--'-H='E=T=E:::-R70=PT~E~RA~=------__-____:2~.5=_.:...:.; -"- _ 
OPTIOSERVUS SPP. 0.3 i f

---,:~;:;:::;:.~:::,-:::::=:-,,-,-------------:-::+------------l
_=B=:ER'::c0~SU==S==S=P;,..;P.:..-------_.--_=_0._=3;_i---------- __'.1' 

TRICHOPrERA 0.6! 
---':L;-';E;.;U7.C~O="1i;,'R::i':/~C~H:7:/A;;-S:P:P-.----------=0.-=3-:-,----t------- -·1 

LEPIDOPTERA 0.3;i
 

CERATOPOGONIDAE 13.5 2.1 ·0.9 0.3!
 
1 

LlMONIA SPP. 2.2 i 1 ! 

CHIRONOMINAE 031 4.. a 9': ,TANYTARSINI 0.3 0.9!0.61 r i 
CLADOTANYTARSUS SPP. 170.5. 10.7 0.4162.71.-' MICROPSECTRA SPP. 6.01 1.6: i 3.91 ; , 

""-RHEOTANYTARSUS SPP. 7.6, ,. 2.5i 
.- i j 

. TAlyYTARSUS SPP. 25.5! 0.3,1 

Environmental Consulting services nl 



Table 5: (c:ol"ltinued). 

SEASON ALL ALL ALL ALL 
'ZONE 2 3 4 5 

DEFlTH SUBSTRATUM ALL ALL' ALL ALL 
CHIRONOMINI 1.2 3.5 1.3 0.9 
CHIRONOMOUS SPP. 0.3 0.6 0.4 
DICROTENDIPES SPP 4.7 6.0 1.2 
GLYPTOTENDIPES SPP. 0.3 
POL YPEDIWM SPP. 190.5 400.6 410.3 6:3.6 
CRYPTOCHIRONOMOUS SPP. 56.8 55.1 103.6 71 
ORTHOCLADilNAE 9.4 5.7 2.3 
CRICOTOPUS/ ORTHOCLADIUS SPP. 3.2 40.9 14.1 
NANOCLADIUS SPP. 5.0 0.4 1.2 

I SMITTlA SPP. 0.3 
TANYPODINAE 2.2 
ABLABESMYIA (EXCEFlT ANNULATA) 3.8 I 

ASLASESMYIA SPP. 0.8 
" APSECTROTANYPUS SPP. 8.8 

PROCLADIUS SPP. 35.9: 10.1' 2.8 3.1 
ECTOFlROCTA 1.0 0.9 
UNIDENTIFIABLE ORGANISM 0.6 0.6i 
UNIDENTIFIED ORGANISM 1.3 1.9 1.5 9.5 
UNIDENTIFIED ORGANISM 1 18.8 5.2, 4.7 
UNIDENTIFIED ORGANISM 3 0.3 

Total mean density n/m2 2950.9 1 3901.4 : 2620.8 1352.9 

POOLED TAXA 

TURBELLARIA 18.6 311.0' 1.8 9.4 
NEMERTEA 0.4 0.6 20.7 
NEMATODA 21.2: 20.6 ~ 36.5 8.4, 
OLIGOCHAETA 2217.8 2441.5i 1313.0 174.6 : 

I HIRUDINEA 3.2 0.3: 0.6 0.31 
POLYCHAETA 9.3 21.1 ' 63.2 172.2 ' 
BIVALVIA 144.3" 33.61 12.5 5.5 ! 
GASTROPODA 7.21 2.4 
CLADOCERA 

I 
1.9 ! 74.7! 6.9 111.5 i 

, AMPHIPODA 24.8 167.0! 369.9 125.7 
CUMACEA 0.3 

1 
2.2 

ISOPODA 37.8: 164.7/ 121.5 20.3 
CHIRONOMIDAE 415.6 ' 575.0: 616.7 17.9. 
OTHER TAXA 42.6: 19.31 13.7 26.6. 

PERCENT OF TOTAL 

-fijRBELLARIA 0.6 9.7' 0.1 0.7' 
NEMERTEA 0.0 0.0 1.5 ' 
NEMATODA 0.9i 0.5 1.4 0.6 
OLIGOCHAETA 75.2: 62.6 52.4 573" 

j HIRUDINEA 0.1 0.0 0.0 0.0: 
POLYCHAETA 0.31 0.7 2.4 12.71 
BIVALVIA 
GASTROPODA 

, CLADOCERA 

'-
AMPHIPODA 

r-----

4.91 
0.2' 
0.1, 
0.131 

0.9 

1.9 
4.3 

0.5 
0.1 
0.3 

14.1 

0.4:1 
! 
I 

8.2 i 
1

9.3'1 
CUMACEA .. 

0.0 0.1 , 
ISOPODA 13 4.2 4.6 1.5.! 
CHIRONOMIDAE 14.1 14.7 23.5 5.8'! 
-OTHER TAXA 1.4 0,5 0.5 2.0: 

Environmental Consulting Services. Inc. 



Table is	 Annual mean density (n/m 2) of benthic f'l'facroinllertebrates collected 
In the ,ntertidal (I). shallow/intermediate ($). and channel (C) substrata 
in the Delaware Ailler between the C 8. 0 Canal and Trenton. NJ 
during 1992 and 1993. 

SEASON ALL ALL ALL 
ZONE -~A;-;'L7L---;-;"7'----~=---ALL ALL 

" 

DEPTH SUBSTAATlJM' I S 
HYDROZOA 0.7 C 0.5,1 

HYDRIDAE 0.3,1 
TUABELLARIA t.1 12.4 291.61
NEMERTEA	 3.3, 12.9, 
NEMATODA 41.4 14.4 13.7 
OllGOCHAETA 16.2 173· 16.5 il 
LUMBRICULIDAE 0.2 'I 
ENCHYTAAEIDAE 133.2 5.6 321. 2 1 
MEGASCOLECIDAE	 1.2 
NAIDIDAE	 8.5 5.2 3.1;1 
ALLONAIS PECTINA TA 0.2 
AMPHICHAETA LEYOIGI 0.7 3.1 'j 
ARCTEONAIS LOMONOI 7.13 19.5 
CHAETOGASTER SPP. ~::,! 
CHAETOGASTER OIAPHANUS 0.2 0.2' 0.1:,
 
NAISSPP. 0.7 36.0 3.51
 
NA/S 8EHNINGI	 0.5 35.9! 0.9:1 
NAIS 8RETSCHERI	 0.2 I 

NAIS COMMUNIS	 7.5 10.3 19.21 
NAIS ELINGUIS	 0.2 0.1, 

.1 NAIS VARIA81LIS	 106.5 1.2 I 
PARANAIS SPP.	 0.2 0.5 ;I 

PARANAIS F"RICI	 0.9 70.3 0.5il 
PARANAIS f,.ITORAUS	 6.3 30.2 6.1 :1 

PIGUETlELLA MICHIGANENSIS 0.2 2.6 26.1' 
PRISTINA SPP.	 17.0 10.1 ! 0.81 
PRISTINELLA SPP.	 1.9 0.21 
SLA VINA APPENOICULA TA 5.9 0.5:
 
SPECARIA JOSINAE 0.2 125.1 ' 8.1 ii
 
TUBIFICIDAE	 0.2 S.7! 2.2' 
UNIDENTIFIED TUBIFICID #1	 171.8 43.7' 
UNIDENTIFIED TUBIFICID #2 370.4 1489.5 i 923.01 

I 

UNIDENTIFIED TUBIFICID #3	 74.1: 
UNIDENTIFIED TUBIFICID #4	 0.2 
AULOOR~USUMNO&US	 2.4, 
AULOORILUS PIGUET!	 16.3 29.4, 16.81 
AULOORILUS PWRISETA	 0.41 
HA8ER SPECIOSUS	 4.0 

_/::::L:,:=YO~O~R:-,:IL=U=S:-;TE.~'M.::P::L::ET:7.-'0"-,N...:.;/ -::-:---_---::-:4:,,,:'0:-,.__--='3.5J 
ISOCHAETIOES F"REYI 2.4 14.2 6.8 II 
LlMNOORILUS SPP.	 0.7 5.9: 1. 5, 
LlMNOORILUS CLAPAREOIANUS	 2 1 0 2' 
LIMNOORILUS HOF"F"MEISTERI 13.6 : 186.1 203.5! -
LIMNOORILUS UOEKEMIANUS 25.0 64.6: 135.1 : 
QUISTAORILUS MULTISETOSUS 20.1 ! 20.3\ 

" Qu/STAORILUS/SPIROSPERMA SPP. 0.7 37.21 13.8 
, HIRUDINEA 0.2! 0.2 

HEL0130ELLA SPP.	 0.9', 
HEL0130ELLA STAGNALUS ,	 0.2! I 

f PISCICOUDAE	 , 0,2 
" CYST08~NCHUSSP~ 0.2! 0.8j 
" PfSCICOLA PUNCTATA I	 ,
,~.-.-

, 0.5: 
: POlYCHAETA	 , 0.5 4.2' 0.2j , !	MEREIS SUCCfNEA	 0,2: i
• o·	 ,MANA YUNKIA SPECIOSA	 . 0.5 13.2' 0.2: 

-- . 
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Tl!lbl~ 6: (continued). 

SEASON: ALL ALL ALL 
ZONE, ALL ALL ALL 

DEPTH SUBSTRAruM:· I S C 
SPIONIDAE 0.2 0.8 0.4 , 
POL YDORA SPP. 0.2 1 
SCOLlECOLlEPIDlES VIRIDIS 0.1 641 111.9:' 
BIVALVIA 19.1 12.1 5.0 
CORBICULA FWMINlEA 12.4 54.1 33.0 
RANGfA CUNlEATA 3.0 
SPHAERIIDAE 0.1 
PISIDIUM SPP. 0.5 40 24 
lELLIPTIO COMPLANATA 0.2 
ANCYUDAE 0.2 0.1 1.1 
LAlEVAPEX SPP. 1.4 0.5 : 
AMNICOLA LIMOSA 0.2:i 
PHYSIDAE 1.4 1.6 
ARTHROPODA 0.2 ':, 
ACARI FORMES 0.2! 
CLADOCERA 54.8 6.8, 83.9,1 
LlEPTODORA KINDTf 0.2 0.6,: 
COPEPODA 10.8. 4.5 1.1:; 

I 
AMPHIPODA 0.5 0.2,.

I GAMMARIDEA 0.2 
COROPHIUM SPP. 16.5 40.1 
COROPHIUM LACUSTRlE 0.2 0.9·! 

I 

GAMMARUS SPP. 32.9 280.8 134.1: 
MONOCULODlES lEDWARDSI 0.1 6.3 0.9,1 
CYCLASPIS VARIANS 0.2 
ALMYRACUMA PROXIMOCULl 0.5 1.2 
ISOPODA 0.2 2.1 
CYATHURA POLITA 14.5 113.1 45.3 
ASELUDAE 0.2 
CAlECIDOTlEA SPP. 0.2' 
CASSIDISCA LUNfFRONS 2.4 2.3 
CHIRIDOTlEA ALMYRA 1.2 5.3 11.3': 
NlEOMYSIS AMERICANA 0.2 1.2 2.2 
CRANGON SlEPTlEMSPINOSA 0.4 
EPHEMEROPTERA 0.2 
HEMIPTERA 0.2 
HETEROPTERA 1.9 
OPTfOSlERVUS SPP. 0.2; 
BlEAOSUS SPP. 0.2 
TRICHOPTERA 0.5: 

~, 

LlEUCOTRICHIA SPP. 0.2: 
~!LEPIDOPTERA 0.2 
~I 

DIPTERA 0.2 0.3' 1. l' 
CERATOPOGONIDAE 3.1 2.8 2.51 

I,TIPUUDAE 0.5
 
LIMONIA SPP. '1 1.1


I 1! ORMOSIA SPP. il 2.8 'j.,CHIRONOMIDAE 0.5 6.8I 37jCHIRONOMINAE :1 0.9! 3.3, ,
TANYTARSINI 'I 0.5 0.9: 
CLADOTANYTARSUS SPP. ! 103.1 1.0 3.5:1 .. 

,I ,I
I MICROPSlECTRA SPP. 4.2 4.4 ii,j- II

RHlEOTANYTARSUS SPP. 0.5 1.1 : I -----j
TANYTARSUS SPP. .L 0.2 21.8' 0.2"= 
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Table 6: (continuGd). 

SEASON" ALL ALL Al.L 
ZONE '--....,A:-:-L..,...L----,...,..-,'------.,.~-Al.l. AL.L 

DEPTH SUBSTRA'TIJM; , S C 
CHIRONOMINI 0.2 3.5 1.4 
CHIRONOMOUS SPP. 0.7 0.3: 
DICROTfENDIPES SPP. 5.a 3.2 
GL YPTOTENDIPES SPP. 0.2 
POL YPEDILUM SPP. 177.5 367.6 253.7 : 
CRYPTOCHIRONOMOUS SPP 98.4 63.8 5.7 : 
ORTHOCLADIINAE 4.0 5.9 3.2, 
CRICOTOPUS/ ORTHOCLADIUS SPP. 37.8 5.6 0.3 : 
NANOCLADIUS SPP. 2.2 2.8 : 
SMITTIA SPP. 0.2 
TANYPODINAE 1.7 
ABLABESMYIA (EXCEPT ANNULATA) 2.8 ., 
ABLABESMYIA SPP. 0.2 0.4',

-!APSECTROTANYPUS SPP. 6.6 
PROCLADIUS SPP. 7.8 26.1 5.5 : 
ECTOPROCTA 0.5 0.7 0.2 
UNIDENTIFIABLE ORGANISM 0.9 
UNIDENTIFIED ORGANISM 0.2 1.9 8.5 : 
UNIDENTIFIED ORGANISM 1 O.Si 15.1 5.9·'
 

i I
 UNIDENTIFIED ORGANISM 3 0.2 i 
I 

ITotal moan density n/mzij 3744.8 2888.S,! 
,I ';, 

POO L.ED TAXAi :1 
'! 

TURBEL.LARIA 1.1 ' 12.4 291.6:1 
NEMERTEA i 3.3 12.9'1 

'I NEMATODA 41.4; 14.4 13.7;
OUGOCHAETA 834.2 i 2491.4 1779.61 
HIRUDINEA 0.2 i US 14'j 

AMPHIPODA I 33.8' 304.2 177.5': 
ClJMACEA 0.7: 1.2 1 

'-:,=,=,,=,=~:'-'- -  __"";I------::-='-:::",i--::-:::-:-=-----=::~! 

ISOPODA 18.3' 181.2. 58.7i 
CHIRONOMIDAE 441.0! 539.0' 283.91 
OTHER TAXA 24.91 28.0 23.71 

1 

PERCENT OF TOTAL. 
:1 

TU RBEL.LARIA 0.1 0.3 10.1! 
NEMERTEA 0.1. 
NEMATODA 28 a.4. ,i" 

! OUGOCHAETA ;1 56.1 \ 66.5! 61.6: 
I HIRUDiNEA : O.Oi 0.0 0.0

' :1 POL.YCHAETA ! 0.11 2.2' 4.1 : 
BIVAl.VIA 2.1\ 2.01 1.4., t IGASTROPODA 0.1 i 0.1 Cl.1 i

j 1 CI..ADOCERA 3.7 i 0.2 2.9' 
,I AMPHIPODA 2.3, 8.1 ! 
, 0.0 I 0.0 I l CUMACEA

,SOPODA I 1.21 4.8: 2.0! 
---.;:C;:-::H:-:-'':-:;RO;;;-,N;;;;;O-:'':M::-';;-D....;A.:;;:E J'-_--=2o.:;9..,....7".,i '_4_.4".-..._......,.-_9;......."..81 

OTHER TAXA I 1.7' 0.1. 0.8· 

Envtronmenta! Consulting ServtCel: n 



":"able 7	 ':'I"nual melll'l btomu:II (\lim') of benttltc: mac:rOtnv_l:n_ collected In 
Zon... 2. 3. 4 and 5 in ttle D.'_.,. RN. b@tW"'" ttleC &. 0 ClII'Ial 
at'lQ Trenton. NJ during 19iil2l11'1d 19ii13. 

ALL SEASON :--_AL-TL__~;;=-- ALL ALl__-,,;;:=-__.:..:;:=--
ZONE' 2 3 4 5 

'OEPTH SUBSn:lATUM . ALL ALL All ALI. 
HYDROZOA 0.0003 0.0001 
HYDRIDA!	 0.00021 
TURBEl.LNlIA 0.0038 O.OO3ei 0.0001 0.0016
NEMERTEA 0.0001 0.0002 0.0254
NEMATOOA 0.0057 0.0013 1 0.0024 0.0007
OLIGOCMAETA 1.2W 1.3028 0.5231 0.2sgS
HIRUDINEA 0.0003 00001 
HELOBOEl.LA SPP. 
HELOBOELLA STAGNALUS 00030 
PISCICOI.IDAE 0.0003
CYSTOSRANCHUS SPP. 0.000l1I 00002 
P/SC/COLA PUNCTATA 0.0014 oooo
POLYCMAETA 0.0055 0.0031 0.0001 0.0004
NEREIS SUCCINEA	 0.0002 
MANA YUNKJA SPECIOSA 00007· 0.0014 ; 0.0001 
SPIONIOAE 0.003e: 0.00031
POL YOORA SPP. 0'ססOOSCOLECOLEPIOES VIRIDIS 0.0043 i 0.0889 1.2787 3.Qe18
BIVAlVIA O.~I 0.0064, 0.0039 0.0020
CORS/CULA R.UM/NEA 33.3756 . 0.5892 : 0.1003 
RANGIA CUNEATA 0.8234'
SPMAERIIOAE 0.0012'
 
PISIOIUM SPP. 0.0060 0.006fil i . 0.0020
 
ELLIPTIO COMPLANATA o.ogae 
ANCY1.IOAE	 0.0004 0.0004 
LAEVAPEX SPP.	 0.0030' . 0.0003 

-,;;A~M~N;;;;1;;;C~0f.iLA~LI:.:.;M.;.;;O::.:SA=-:.. ._-;O;:.;:00~11~,-----------1
PHYSIOAE	 0.0072 ' 

~A"::R;:TH:::;;:R::O:;:P:::O"=D:-:A-------_·_-=:'::':';=--0=-.'='00:':1""'3':',----------,
-':":A:;;CAR:-::;;;;IF;;O:"R~ME~S-------"----=0-=.00:':1:-::0:-'-:_-=.:.:c::.:.::::..,.I 

CLAOOCERA	 00001 ! 0.0055 i 0.0004 00095
LEPTOOORA KlNOn 0.ססOO , 
COPEPODA 0.0001 0.0001 0.0001 0.0003
AMPHIPOOA 0.0005 
GAMMAAIOEA 0.0017
COROPHIUM SPP. 0.0194 . 0.03341
COROPH/UM LACUSTRE 00011

0.0549' 0.2262 

0.0001 
0.0001, 

O.lElO4 O.~ 

CAEC/OOTEA $PP. 0.0001 . 
CASSIOISCA LUN/FRONS 0.0032' 0.0040 
CMIR/DOTEA ALMm4 0.0047 0.0278 : 0.0186 
NEOMYSIS AMERICANA 
CRANGON SEPTEMSPINOSA 
EPHEMEROPTEFlA 
HEMIPTERA 
HETEROPTERA 
OPTIOSERl/US SPF. 00004 . 
SEROSUS Sl'P. 0.0015, 
TRICHOPTERA 00002'
 
LEUCOTR/CHIA SPF. 0.0007' 
LEPIDOP1'ERA i
 00022
OIPTERA 0.0002 i 0.00031
i 
CERATOPOGONIDAE I 0.0019' 0.00011 0.0004 0.0001 
TIPUl.ID.td: I 0.000fil 0.0001

,LIMONIA Sl'P. , 0.0125 , 
ORMeS/A Sl'P. 0.0007 ;
 
CMIRONOMIDAE 0.1314 : 0.1875 0.1062
 0.02011,ECTOPROCTA 1 0.3179 0.0014 
UNIDENTIF1A81..E ORGANISM -1 0.0005, 0.00041 

I 
UNIDENTIFIED OAGANISM 
UNIOENTIFIED ORGANISM 1 -~S~-.~~c.::.=~=20==-,=1::::~~::::::~::!::,:::,~=.;;::·=:O:26:1~:::0:.oooe:i:JFibENTIFIED ORGANISM 3 

_ 
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Emrlronmental Consulting Servtces. Inc. 



SEASON _..:..AL~L__...:.AL.::=-L__....:AL...:;::L'--_-:..::AL:;::I.:..-.... 
ZONE 2 3 4 5 I 

POOLED TAXA DEPTH SUBSi"RAruM --:'t,.::..b;--.----,~,.;;.OO38'""---AL::io.;".kbo-l----="AU.c:-:--1 
TURSEtI:AAiA	 6.&113 1 

NEMEATEA	 0.0001 0.0002' 0.0254; 
NEMATODA	 0.0057 0.0013' 0.0024 0.0007 i 
OllGOCHAETA	 1.2555 1.3028 0.5231 0.2595" 
HIRUDINEA 0.01 H'I 0.0003 0.0003 0.00CllS I 
POI.VCHA-ETA 0.0100 0.0970 1.2790 3,0625 i 
BIVALVIA 
GASTROPODA 
Cl.ADOCEAA 0.0001 Q.OO55. 0.0004 0,0095: 
AMPHIPODA 0.0548: 0.22El2 0.5305 0.1328 : 
CUMACEA 0.0001 : 0.0007 
ISOPODA o.USa! 0.6237. 0.3546 0.2176, 
CHIRONOMIDAE 0.1314, 0.1875 0.1002 0.02011 
OTHER TAXA 0.0320 0.3393 : 0.0057 0.081-U 

PERCENT OF TOTAL 

001 011 000 
NEMERTEA 0.001 0.00' 0.55! 
NEMATOOA 0.02 0.04 0.08 0.02' 
OLIGOCHAETA 3.54, 31.43' 17.97 5.eo: 
HIRUDINEA 0.03' 0.01 . 0.01 0.01 ! 
POI.VCHAETA 0.03. 2.116' 43.95 00.041 
BNALVIA 95.25 17.78' 3.85 17.110 ! 
GASTROPODA 0.03 0.02 , 
Cl.AOOCEAA 0.00, 0.16 0.02 0.21 , 
AMPHIPODA 0.15i 6.67' 18.23, :UGi 
CUMACEA 0.001 0.02 
ISOPODA 0.47' 1IJ.40' 12.llJ, 4.6liI ! 
CHIRONOMIDAE 0.37' 5.53' 3.85 0.451 
OTHER TAXA 0.09 : 10.01 0.18 1.75, 

WITHOlJT CORSICULA R.UMINEA 

TURBElCMiA	 0.• ! 0.6&, 0.0001 0.0011511 
-
,	 NEMEFlTEA 0.0001 ' 0.0002' 0.0254! 

NEMATOOA 0.0057' 0.0013 1 0.0024 0.0007: 
OLIGOCHAETA 2555 1.3021 i 0.5231 0.2595i 1. 1 
HIRUDINEA 0.0119 0.00031 0.0003, 0.ססoo1

,	 POI.VCHAETA 0.0100 0.0970 1 1.27llO ' 3.06251, 
BIVALVIA 0.4030 1 0.O133! 0.005a 0.8255! 

! GASTROPODA o.omsi 0.0007 ' 
CI.AOOCERA 0.0001 : 0.00551 0.0004, 0.0095,	 AMPHlPODA 0.0l5481 0.22El2 0.5305' 0.1328

,CUMACEA 0.0001 \ 0.0007'
 
ISOPODA 0.16331 0.6237' 0.3546
 0.2116
CHIRONOMIDAe 0.13141 0.1875 1 0.1062
 0.0208

j 
OTHER TAXA	 0.0320' 0.3393 1 0.0057 ' 0.0011: 

; , 
Total In"" biomul $11m2" 2.0U8' 2.lIOOEl ! 2.8097 4.8374 11 

PERCENT OF TOTAL (w/o CORI!lICUI.A) 

TURSetlJlF\iX	 0.1., lJ.1:J : O.lJlJ O.W 

" NEMEAt'EA	 0.001 0.01 ' 0.55 

! NEMATOoA 0.27 0.05, 0.09 0.02 
OI.IGOCHAeTA eo.11 40.52 HU2: 5.eo 

I HIRUDINEA 0.57 0.01 0.01, 0.01 , 
" POI.VCHAeTA , 0.51 3.40 45.521 85 

BIVALVIA	 1111.29 0.47 0.21 17. 
,I GASTROPODA ; O.se 0.03;' 

CI.AOOCEAA 0.01, 0.201 0.02 0.21 
! AMPHIPODA I 2.831 iUl8 HU8, 2.N 

j	 CUMACEA 0.001 : 0.02' 
ISOPODA 8.051 22.271 12.62' I 

! CHIRONOMIDAe 6.291 5,69' 3.781 
OTHEATAAA	 1.53, 12.11 0.20' =!

T&b~" (continued). 

Environmental Consulting Services 1.( 



Ta.bllt a ,l,nnual mMn biof"/'llllSS (9/m2) of bomlhic mIllCfoinv4lftebtllltlll$ collected in 
!!'I. ,nwtidal (I), wllowrm-m.aiatlt (Sl, and cNlnn.1 (C) sUDsll'lIt1t 
'1'1 !!'Ie Oeia__ Riv4lf IletwMn til. C 80 0 c:&MI and Trenton. NJ 
during 1992 and 1lill1l3. 

SEASON:F::=-'fiA[FTL===iF.'F==~m===ALL ALL 
ZONE ALL ALL ALL 

DEPTH SUBSTRATUMU I S C 
 OOסס,0 0,0003

0,0001 
00021 O.oooe 
00111 0,001(" 
0,0012 0.00041 
115Q6 10889 1
00002 0,0001 : 
00041 
00022 

00001 0,0006 
O,ooHlj 

O,ooe2 0.0002~ 

0,0012 J
0,0025 I 

 oo1סס,0
0,1085 ,UI133: 
0,1938 0.0266 

14,1653 110215 
0.6116 
O,()O()g 

00082 0,0029' 
0.0142 
0,0004 0.00021 
00022 0,00031 

O.OOO8ij 
00031 I 

00004 ~:=! 
I 

00002 0.0001 l0.0003 0.0001 
I 

0,01ae 0,0210.1 
0.0001 0.00011 
01ae1 0,4259 
0,0034 0.0004' 

i0,0002 I 
I 

00001 j
0,6805 02120: 
 ,ooסס0

oo, jסס0
0,0030, 
0,0208, 0,0215 
0,0011 0,0016: 

0,0545: 

TRICI-tOPTERA I 00001 
LEUCOm/CHIA SF'P, 1 0,0005 
LEPlOOPTERA 0,0016' 
DIF"11i:'RA ! 0,0002' 0.0001 
CERATOPOGONID.6S 0.0001' 0.0002: O.OOOG 
T1PUUDAe 0.0001 
LIMON/ASF'P. 0.00941 
ORMOSIA SF'P, 0.000l5 

-CI-tIRONOMlDAe 0.0933 0,1851 O.osee , eCTOPAOCTA 0,23e7' 0,0022 0,0006 -
UNIOl:NTlFW!II.E ORGANISM 1 00001' 
UNIDENTIFIED ORGANISM 0,ססOO: 0,0033' 0,0005 

. UNIDENTIFIED ORGANISM 1 1 00001 : 0,01 SIS 0,0021/ 
+

t[~!DENTlFIED ORGANISM 3 ( 

; 

TClIaI mMn btomass Qlml i 11258, 111.1005 155150 

Environmental Consulting Servtces. inc. 



SEASON?:==jAt<i"l"'(===Al1i'FF====rAtFi'(== 
ZONE 4t-·---'AU.'iFi''------'AU.:.::7------'AI.;;:::::.L.'---, 

"'OOlEO TA:JtA OEFTH SUBSTRATUMl I S C! 
I 0.0005 0.0027 0.003G1 

HIRUDINEA 0.0003 i 0.0073 000231 
F'OlYCHAETA O.OO4e· 0.7184 2.61351 

0.3137 15.0600 11 .O!OO' 
0.0016 0.0063 0.0013.1 
0.0041' O.ClOO<$ 0.0072.1 

~MPHIPODA 0.0511 0.2091 0.4480 ! 
CUMACEA 0.0004 i 0.0002 ! 
iSOPODA o.oN1 0.7044 0.23e6! 
CHIRONOMIOAE 
OtHERTA:JtA 

j,PEFiCENT OF TOTAL. I 
I 
I 0.04 0.01 

0.10 
0.54; 0.01 

22.84: 6.41 
""'I RUOINEA 02 0.04 

0. 0.44 1 3.G1 
SIVAl.V1A 33.20 
~STROPODA ; 0.14' 0.03 0.01 :. 
CL.AOOCEAA ! 0.31: 0.00 0.05'1 
~MPHIPODA J 4.53, 1.16 2.811 
CUMAa:A 1 0.03 0.00 I 
iSOPODA 7.031 3.8G 1.54 
CHIFIONOMIOAE 1.29 1.02 0.3G1 
OTHER TAXA 22.52 O.U, 0.40; 

i 
I WITHOUT COFIBICUI.A FLUMINEA 

TUAeetDlJiiiX .000l5 , '.002" .003ClI 
0.0171. 0.0018 

0.0081' 0.0012 i 0.0004. 
, 0.2572 U5iEI' 1.0880 

"1IRUO 0.0003 0.0073; 0.0023, " 
F'OlYCHAETA 0.004i 0.7184 2.15135 -6IVAl.V1A 0.0118 O.MI46' 0.0294 
GASTROPODA 0.0018 0.0063 0.0013 
CLAOOCEAA 0.0041 O.ClOO<$ i 0.0072 
~MPHlPODA 0.0511 0.2091. 0.4480 
CUMAa:A 0.0004 0.0002 
ISOf'OCA 0.ON1 0.7044 0.23e6 
CHIRONOMlOAE 0.0033 0.1851 ' 0.0560 
OTHEFlT.uA 0.253G 0.0211 0.04518 

I 
Totl1Il rn-.n biomua aI~ 0.7837 3.9352 4.~! 

PERCENT OF TOTAl. (WIO COFIEllCUl.AI .

0.08 0.07 0.03 . , NEMEFlTEA ; 0.45 0.041 
NEMA~ 0.79' 0.03 0.01 
OU if< 33.87 20.47 23.91 
HIFlUDINI:A 0.03 0.19 0.05 
F'OlYCI1AI: A 0.84 1•.26i 57.» 

1.53 22.73: 0.85 
0.21 0.18 i 0.03 ~CI.AI:  0.541 0.01 ' O.HI 

AMPHlPODA 6.85 5.31 ' 9.84 
CUMAa:A 0.05 0.01 
ISOPODA 10.3G, 1700; 5.26 
CHIFIONOMIDAE 12.22 4.70' 1.23' 
OTHER TA:JtA 33.20 0.72' 1.3G· 

" 

Tabl. I: (continued) 

Envtronmental Consulting Services. ".1C 



SEASO~ ~RIN(rfW~~~- ~1'At!, r~Iff§jf [-SPRING] ~~MER 1- FAI,~--I--WlNT~_TllP.RIN(f Isqfd~~ l--FAll 1WINTER I SPRING ISUMMER 
ZONE 2 2 2 2 3 3 3 3 4 4 4 4 5 5
 

____ Q§:,TI1 ~~~I~ ~!'. All ~l ~l t!!.h _ ~!, _ !o!:!, _ All All _ All . _!<ll All. ~ "lJ
 '" 
. FALl. 

S 
AU 
--=~j 

WINTER
 
~
 

Al..l
 

f~- ~~! ,:!-~f-:!:-:-~!l1:1 "I !. 2S •-- 300---
- 

OLiOOCHAETA ,.JJ!. 220 43 3 2 ~I lIS 7 7 1 I 2
 LUMBR'CUlDAE - - -- - - - --- --- -- -- -- - - - 

,so 1~,!1

~77
25 I
 
10 I
 

12 
63
 

112
 
99


-ENCHYTRAEIOAE---------- - -. 30 i
 ~4r--- ~·ll --~4~5 52i 8 2346 12 1M II 
MEGASColECDAf 63
 

1116 ~~14
 2563
 4 I 615
 

r~ __ ~9 I? f'~~PECfiNATA-- ---. ~!t- ·20.!I ~~ .. 12
 
12
 IIl~ 25


1.2~~~~~~~~;:g7'JJ,=--==-. -12~ -- ---i4·J-~-~~t-~~j~·~ 41S so 629 i.2 49 12
 
CIIA£TOGASfERSFP
 I:> 
CUAET0G4STERDIAPIIAMJS
 
NAlS spp. -- . - . 

I ~ 

'1195 nil 
40
 
25


I'iNSBEHMNGI
 12
 '3t!.~ 5111
 37

wii§1ikEtSCHERI
 .. NAlScoAiiJUNi$--------
NAlS ELiNGUIS --
NAlS VARIABLIS --_. - - - .-- -. 
pAifiJiAis spp--

411 "01" _ 13.11 ~!I" ____ H 
44.1 S_14 I
 ~7 
 12
 

377 24
 
-~~ H 

i2 

25.2 

JIB 

12


12
 
2S 

12


pAiii.fliAIS FRiCI
 
PARANAlSLlTOOAL/S

piGuE'Tltfiu-MICHlljANENSIS

"PRiSTiiVA SPP ------


1110 8
 '89 7S4 
, 2 ~~ £~ 302 , 2 SO 

7~t~ 13.6 1111 
5S8 sUi 25
 1"2 

17 S 
lSI I
 

594

12 -3.7


(13

25
 

1194
 
74
 3
 

I
 

PFi{sTiNEiu spp
 , 2 10.1 
SLAVMAPPEMJICUUTA
 

·SPECARIAJOSINAi---- .
 
TWIFICIOAE---
UNiDENTiFiIDTwlFICD -, I
 
UNiOENTiFiED TualFicD '2 
UNIOENTjFie:l"fuaii:ico i:i 

-UNlOENTlflEDTuaificD '4 

31S 25
 
!r'~ ~.~ Ill~ :z5 '?64 24
 

1311
 264
 12 
4911
 117.9 ·142.2 678
 49.4 2461
 3S311 67.9 

·I~ili I~~] !7~.i> I~~~ 16747
 ~:i93 l!i:z.(l6 8163 

16.3
63 94
 

161 I
 Ii 6
 
1~~8 7~1l 

liS 6
 

1179
 
1??43
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14 S 
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1243

396 2
 

32

6
 

414
 

AUlOORiius iiMNi58TtJS - -- . -
- AULDDRIWSPIGutii---------
- AULDDRIWSPLUiisETA-----

!l! ! 
_:~!!I _~·!L __!!6 9
 ~~.~ Il~ -~~

2S

i! ~._~

-HABER SPECIOSUS------ . 
-IL YWRiLUS TEMPLEtoii'---- --
·/SOCHAETDES F;in; --------. 
uMNli5Riws sjIip-.- - .-
-['AfNaJRlwscwNiEDiANUs- . 

.-/'IAfNaJRjITtS HOFFMEiSTER'· 
- LiAiNroRIWStifEKEAfiANUS-- -
-oosTAiiRIfus AfUL TISE70SUS -

-_=-37 
-~----- -- 

·32.7 7..~ 
'2.11 .. ~2f1 150
 37
 61.7 63
32
 6.2 239

12_5 

-~!I" 232.7 21li7 1120 907
 91.7 
m~l_ ~:~ _1llI.!1 363
 iiil.7 uJiji ~5115 101
 

I~j 46.6 




 

4ia 300.0 
7S~ -2ii:~

12
 

136
 
~j 

117.4 
11911
 

171> 

25
 

lOSt
12


6
 

23
 

cHJisfAi.iRlwSl~(jsP8fiiA- sPp
i-M"ooTta-------- -  143.4 ·36.0 ll!l7 5.2 

-12 
1.2
1.2 

iiEiOiiiJEiLA SPP.
 
HELdfiiiELLA SfAG1tiAfils

PlSclColDAi;- ----- 
.CYSTOBRANCHUS .§iii>. 41
 

~9 
I~ 

12
 
12
 

PISCicoiAPuNCTATA
POLvCHAETA"--- - ..
NEREissi.K5CiiiEA -.
 

'117 
1.2 

1.2 25
 12 i 2 
, 2 

12
 

_~~iff~~~]>ffP~A II!! 1O:~o S2.9 12


..
 
f able g. Seasonal mean densty (nJm'l ot benhtc mllClOl.MiKtebrales collfltded in Zones 2.3.4 and 5 in the Delaware Hive. between the C & 0 canal and T.er'oo. NJ dUflflg lW2 and 1003
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O~T~~ws:~~L!1~~T~O~:!~1~1~_r1:fRT~:i~~1~qj:~f'~!~~r~1:~T~l~~T~Y~~ER r~J~ I~J~EA 1~:CGI S~~:EA I ~1~ IW1J:A 
'SPIOlIDAE . • r---'---T----.---;ur-·---r---'------r---'--T---- r- ,-- 1--- I- ---32- .. _. 
poL'if)(jiiA SPP. - ... . -. . 

·-g>~jDAE 1 37 

~=_;:~::D1S-~_==l~~.~~Ul~· _~. ~.ll~:·~ ~7tII· 
RANG/A CUNEATA 

10H··

3311 4.3 

-IH:=.-~al-_ .. I~;E _:.: 1.2 

.fl§/i)'UMSI'P=---:-=:~~=~~: .~~._. ?5 19.9 
ELLPT/O ~LAM4TA"!fivn.:::fiPP.-----.--.-----. .-:-: 1;1 

12 
1"2 
81 

~1JiijS4----_:_=~~:.._._.= .. 12 
PHYSOA!: I ···UI3 

AAliiAOPOOJli I;' 
JliCAAIFORMES
'ClADOCW--'--- -'-" 
iEiifCOORA'KINDt/
COPEPOOA···· .. 

0.2 

103 
12 
15 12 

1<1 

12 10.2 

2944 12 
31 
2.4 2.S 24 

·AtMiHiPOOA 
'GAMMAR1DEA- . 
CQRiYHiUMSPP.· . 
c(jRa>fifuii LACUSTRE
GAMMAFIUS-SPP-.----.-.-
MoNOCULOOESmWARDSr-' -

141 34.4 494 12 17.7 592.5 '56.6 12 

CtCUSP/S VAR/ANS .. 
ALMmAciiMA PRox/MOcuii"
ISlYOOA------·-·· 

12 
113 

CYATHURA POL/TA 
A'SELLOA!: 

--.  ~1;1 ~ii8 30! !~ .. !I~~ :4;!;l,? _.~:!l ~7:? 

CAECOOTIiJt·SPP··---
CAssiiiSeALUMFRONif ._ -

1.2 
._.. 12.6 

· CHIROOTEA ALMmA 
-NEOMYS/SAMERICANA . 

ciWiGoNslPfEMSPiNoSA 

1~ ?-:4 '!! 125 ?4 

EPHEMEAOPTERA 
HEMiPTERA - .. - . ~ 

_.. f~t_ 

----12'e5~~ .~~~~~.~~~--~~.-

LEuCoTR/CHlA-g;p-.--- -_. -" ... 1.2 

·LEPOoj:irm;;---- -._ ·OIP'rERA·---··---- ._ .
 61 15 1~ 
cm,uOPOGONDJliE 1~IL !~7 IS.6 _._ 7~ I:~ 
TPUllOA!:--liMoN"" SPP.-- -- ...- .. -0.8 -----1-·

.

· ORMOS&4 Sfip-.-_...•--.••---.. is.o
CHIRONOMDAr-"- - ---  145 1.5 1.2 4G 1?·-1.2CHiRONOUINAE 8.8 -_!~TANYTAASINl--·-··----·- . --2.512 

1-5cLAliOTANYiARs[Is SPP' 63 2731 413. ~c5
iiiCRcFSEcl'iiA-g;p --  158 238 
RHEOTANYrARSUS SI'P 30 2 

~~tz~~~~2-:"_. --- =1- t-- '21~-37L-~ ·1 2.5

I 
104 13591 210r 47197.5 2.5 377 

476 S\-;.2 12

1 
4987 138 12 

12~:~ 
37 611 241 3 

75 

1212 59 
12 
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[jiEiliiFiEjiSPi'. 0.9 4.1 1.11 
AMNirotA LIMOSA I I Oil PHYSIDAE----- -.
 .57 66 

-ARTHROPODA
 . __._0.9._ 
-ACARFOAMES ..---  0.9 -CLAOOCERA-- ?11I4 -210 335.5 iUI III 
.LEPTOtiifJRA KINDTI 0.11 23 - COPEPODA' ....- . _____ 211.2\ 1231_ ._.4':l1. .I_~l .ll 104 ~Il 27 16 2.6 - AMPHIPOOA - - -- ._- •. - -..---- -!!:! - L __._ l~I 
GAMMARlOEA--'-' .

-' -- -----0-.- '-43.3 l!.~COROffllUM sPP---  .. _=-~_--li~L_: 1 1 84 2-19 1396 
Ci5ROPiilwLAcusrRE .-" -Oill"- 37 
GAMMARUS SPi'. ---  452 -~! !l1.3 ;p 47 MONOC/.JLOOES'ti5wAFiDSi .- -.  ~-=:~~_:I·~:-i~·~_~~:?:·;E~~~=--=-78Rl- _.~~;J 0.11 

-CYCUlSPfS VARIANS---------
---~~.-_.--ALMYRAaAuA fflOxlMOCiJiT- --  l.y . 38 0.11 

~4 ~? .~!l 0l! 4l!.~ I? 0 

11:5 '28 UI ~;····:_~=!-~t-~~~~-;1-ii~i;~:.~ iiil il3 12:7 16 - -_. 0.9 t~ 
ii9 "iI 

i~ 

ll.f~ 

-- ?~ 

011 
1:11 

. _.. - -~--'.-'----.--- - ._...
OIPTERA
 11 -4.6 ---o-:-li
CERATOPOoolliioAE
 -~-=~'~:!l 64 -7.~.-:-:::11~ 11 all.TIPUlIOAE-'-" .• 0.11 .°11-TiwNIA:SPP. . -ill

'oRwSiil,spp'-:--="'0 
cHiIlOOOMiOAE' 225 lOll 1.ll1 2.31 111 
CHIOONOMIN..,£ 66 09 
TANYTAASIHI 211 III 
CiAooTANYTII.R5US 51¥' 211 11 3912 211 19
/llllCifof>lEC TIM $I¥' 14°1HO 174 
iWEOrAN'I'1ARSUS $I¥' 264 19 
iJW'I'1ARSLIS $I¥' ...'tl 24' -~-1 









-WiNT!:FI 
J1l-_~WTW~;EAf W~;lER ·-All 

c -c;H..,;.,...,!l!f!!1,...~:'.i" ~J~--~Tl:]r·~~ ~~:..~~~'..,- .. y -----~ r .. 5"5 - 3_4 
CHIOONOMOUS SPP	 0 II
 . 't~I.1 III
 DlCOOTENiiii>ESspp-- ------.--- 0:1i -- - - 75 . 170 . -3.7 .. .. 4.1 10
 

-GiYPfOTENDtPEifSpp -- - -.----  Oil
 
POL"YiiEiJilw Spj>-' . . - -- --272.8 *0 477.?
 323.3 57.5 1026
 1474
 
CRrPTOCHIOONOfifous SPf> ---- ---19:7 - 1338 81
 :~I~L:-_ .~~. "92 -50 ~a~- --~g O.ll '234 011
 
oilTHOclAoilNAE-----·---- -----0:9 -----228 114
 151
 ?3 Oil Oil
 

'CRIOOTOPUS/ORTHOCiADiusspp-- ----1.8 ---2:ij 149'2 II
 19.8 
NAi.ix:iAiiussPf>. -... .-	 Oil IIJ 
SMifflAspp' .. . . 0.1iI 
TANYK>OlNAE--- -- ------ 6.6 
AIllABESM'I1A IEXCEI' I ANNUlAf~ II J 
ABLABESMt1A SPP. 0.11 )~ 

-APSECTIi5TANYPUS spp~------ .--- ----2CS 
JiRiiCijiiilis-s""- - 203	 04. i
 78
 20	 3.0 14.1 20J III
 ECTOPROCTA-- --- - -. - 0:9 -20 0.11	 0_9 0.11 

.. UNIOENTFIABLeORGANiilM-- ------ .-- - ·i.9 19
 
UNlOENTFiEOORGANISM--- --- - ----iili -- 75 5.7 2114
 
UNlOENTFIEOORGANIsMl---'-- ._- ---26:3 1l!J! _ 091._ .1~0 ~8 0.1iI 04 56
 
-·------·!ED§ij~~Nj§~}.--=-=·-.==_= ~~~-:: _-'~~L-=:-_::~II

___~ n.~._.l!.1!!1 m~, \!!I}!!tt -J~ I~. ~[~;;]'-'":;~~.~] 'm'I~Jill11_....1~ m;1	 '1"11 -;;L";,, 192:>1 23~?1 10499


POOI.lO TAXA 

'rUA8ElIAfllA
 Oil 357
 10117 7 27
 41
 8 5 -- 011
 55 1540
 
NEMERTU
 41
 20
 S08 511
 09 09 
NE,.ArooA
 244 1110
 214 1292
 92
 140 55 li2 138 66
 178 55
 
ollOOcHAETA
 11602 2011l5 2OtiO 7 I IJI! 4
 ~1 111691l	 11641
 3106.2 ---- 192i.ll 11.\ 2
 20012 12580

HIRUOINU- . -- oli --47	 --Oil
 411
 09 Oil 
POLYCHAETA 54
 211 4
 J483
 057
 till 121 344 21
 225 294
 
BivALviA ___ 4.0~__ -90 7
 403 1147
 164 7.0 l1io 62.2 Oil 422 425


.-GASTROPOo.t. . --~~ -I il --1'5 -- -- 011 --09 :is	 57
 50 28
 
.ClIIooCERA-' 335.5 . 18
 ---0- _-!!~:~. _ 270
 23 III
 
-AMPHtI'ODA _._. _2l!,4 =!~8 -S?7 02i
 -7995 4294
 470 74.2 "IIP :17 1445
 
CUMACE.C
 0:9
 IIi	 :iii o iii 

-isoP06A 7~,1._ 63
 975	 3ll.1I lib -46.5 Oil 441 188
 
-Ci1iOONOMIOAE '.7 ----190532.7	 13411
 -524:3 369i 742 - -72fs Oil 1409 1535
 _OTHER TAXA-=,_ -_-~_~tt -~ jiH -33.6 IJ8	 14.9 .. i70?tl "__ ~1 55
 140 3114
 i)f 

PEflCENTOf TOTAL -I	 
TUABEllARIA 0.1 08 223 01 02 05 02 03
NEMERTEA- 01 ~'~l-~01 I 7 00 00 
NEMATODA Ul 0.5 0.5 40 0.2 05	 0.4 03 06 J4 07 OJ 

--OUOOCHAETA 546
 602
 45:ii ~4 ~22
 637	 115.6 747
 054 005 872
 000 'HiROONEA ... - __ :.-cn -00 ._.·~1
 - 01 00 00 '-POLYCHAEY;' - 0.3 4.9 77
 - 2.2 22
 0.3 15 14
 09 1.6 
iWAlVI~-- -03 2:2 09	 41
 i~ 0.6	 0.0 26 211 05
 1.8 2J 
GAStROPoDA 0.0 0.0 0.0
 01 04 O,!! 02 01 
CLAOOCERA 13.7 oli 74 01
 01 01
 

AMPHIPO[)A
 --~j) -?.!. J~ 2.2 --_.~!! I~~ 3.5 17 37
 02 78

- CUMACf.A -
 01 it I 00 
isoPOOA
 42 1
 3.J	 27
 2.3	 21
 05 10 10
 I III
 1 01	 ~.~j 10 I
 CHIAONOMIOAE ~! _!7~ 11.0	 41~ .13? 12.6 55
 170 35 05
 02 83
.O,!!jfR !A~' -. _.itL tit___ IlL__ "~__~~g.,_ Qo§ _ jj _-_Q~. " 0.4 211
 l):il. _~? I
 

Table II. (conbn....d~ 
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SEASON SP1'lING SP"IING SP"IING SUMMER SUMMER SUMMER FAU.. FAU. FAU. ""NTCR NINTCR "'INTCR 
ZONE AU. AU.. AU. t AU. AU.. AU. AU.. AU. AU.. AU. ..U. ALl. 

CEPTM SUIlISmATUM 1 S C I S C 1 S C I S C I 

• ><VOAQZOA 0.0010, 00002 0.0002 1. 
j ><VORICAE ooooe~ 

T\JRIlEUNIlA . oooeo 0009ll 00015 00001' 00029, 00004 OOOHI 0<»&4 • ,i NEMERTEA : 0.01. 00146 o 00Il4 003110 ooooe :

i NEMATOOA i 0.0001 ooooe, 00224 00033, 00012 0.0002' 000021 00011 00001' 000031 
, 1 OUGOCHAEfA 021115 04617 12101 0.4017 1 e95C!i 13514 024601 1 21184 0882!l! 00815 1 1747 o IIOlIl, 

'"4IA1J01NEA 00004 j 00010 j

: o018S! 

MEI.OSOELLA S TAGN.IJJ.JJS 0001IO' 

PlSCICOUCAE 00010 

• PlSCICOtA PUNCTATA 

001112 00013 , ; 
1 NEPEIS SIJCCJNEA I 00007 

I 
MANA YU'II1ClA SPECIOSA , 0,0001 00007 00033 00015 ooooe 

SPIONIDAIE 0.0014 0001I31 0.000IiI ; 

POL~SPI", 00001 

SCOLGCOI.EPfOES VIRIDIS I 0.0142 2,33110: 5.7!Wl1 028031 185415 O,'$4G' 14822 008'0, 03G$3~ 

BIVALVIA , 0.0003 0,0081 0,100, 0.0440, 0.00311 00083 0.00421 000'8: 0,7500 
' I 

COI'fSJCIJI.A Fl.WINEA 0.0210 0,21381 o lOe4i 07542! 513551 O~ 0,54301 25.2485' 22.311C2 22,0lI35 ' 2' 58S1' , 
I RoINGlA CIJNE.A TA i 2,1346, : 0,03481 0.29!Wl' O,OOSl 

I SPMJiEAlIOAli I 000351 1 : 
I PlSIOIW SPI" 0.0001 001S' 00147 0.0114 , 1 EWPTIO COMP/.ANA TA 029!Wl! l , 
J ANCVUDAIE 00003' 00001 0,0002 00002 00010' i 

, , 
j I..AEVAPE:/C 'PI" j 0.0010' 000781 0,00" ! 
I AMNICOI.I4 LJII40fIA : , 0.00321 

PHYSiC.... o,ooes 0.0148, i •
AATMAOPOCA i O,ClO38I 

ACAl'IIFOAMES I 00030. 
CLAOOCEM ; 00155 0,00'7' 0.02841 1 
I.EPTOOOI'A KINOT7 i 0.0001 I 

: COPEPODA 00004 OOOOS 00002 0.0001 : 0,00011 00002' 00002. '000031 , 
AMPHlI'OClA 00004 000101 

GAMMAFllCEA I I 0.00521 I 
COFfOPHlIJMS/IIP. I 004111 o008SI1 00001 I 00170, 0,0134 oooesl 
COFfOPHIIJM 1.ACUSm!! 1 OOOOS, 0.0027 

GAMAWlUS 'PI" j 0.0' eo 0215' 0.0345 00835' 042M1 , 2535 0.1'43, 00es2 0,34871 00170, 008411I1 
, MONCCIA.OOES EOWAf'IOSl 1 0.0012 00120 0,0015 000141 : 0.00201 

CYCLIISPIS VA.FIlANS 00003: 
ALMYJli4CIMA PI'fOJ(IMOCW I I 00012, ooooe, 00003 

ISOPODA 0,0002 00003 ,I . 
CYA THU'lA POLJ7A 01222 063281 0.2271 001331 , 55721 030434 0,1_' 0.3144, 01_ QOO2O 02075 012221 , 
ASEWDAE 00001 'I 

, , 
CAECIDOTEA ,/lIP. 000021 , ~ 
CASSIOISC/l UJNIFRONS 0.0011' ! 0001151 00034 00020 1 

CHIRIDOTEA ALMlIl'IA O.oooe 0.0171' 00284 000211 00350. 0.00211 0.041171 0.0352 00146 00115 

NEOMVSIS JW!ERICANA i I oooeo 00031I 0001,1 0.00121 00027 
CRANGON SEP77!MSPINCJt$A 1 , I 0.211!12 

EPHeMEAOP11:AA 0.0007, ! 
HEMIP11iM I I I 
HE11iAOl"'TEI'lA 0,00" , 
OPT/OSSllIt.IS SPl" 1 ! I 0,0012 

SlEROSIJS 'PI" 0.004e 
TAlCwoP11!M OOOOS, I 

I.EUCO'T1'flCMlA SPI> 00020' , 
t.EP'DOPTEM ; 00055 

DII'l1£M 000011 o,oooe 1 j 

CliMTOI'ClGC»lIDAE 00002 00003' 00033 000'51 , 000021 00010' 000051 00005' , 
nPWDAIE 0.0002 000251 i 
UMONIIlSH. 0,0374: i i i , OIWOSlASH. 0.0020' i , 1 i 
CHIFIlONOMlCAE O,~ 0.37051 0.'073 0.21111 0'11721 00828i 0.01231 0.14321 0.0103 o OOOlIi 003lle, 00235 

eCTOP1'lOCTA 0.0011 0008Sl1 0.0023 084531 0001111 , f 
UNIOENTlFlASI.E OAGANISM 000121 000181 

UNiDeNTIFIED OI'\GANII!lM 00002 00'301 00003 00017 

UNiDeNTIFIED OI'\GANII!lM 1 0~1S! 00015 0.00021 0001I1 i 0003ll 00001 , 00120, 0.0005 0001I01 0002S 

UNICENTlFlED OI'\GANISM 3 , I 
, 

Tatel mean biomass atrn.l 0,5200 55242: 85314 2.584121 103a51 ! 49522 1 2'H~i 30 707l!l' 25.5533 009901 245752 231431 

""lII.Die 12 S4UIl$ONI mHI"'! O0f'"855 19,mJ'l ~f oentrue ffl6CfChf"f\ler.CH8t.. co,eec:tec tn the If''lt'tlu''Idat II). tl"\aUovlf'llnUttmClCIII. ,$'1 lind 
cn&nnetfC)IUI:lstr•• of tM Oete.ar. RfV9f 0""" tne C & 0 c::aNt and 'tt9f1t:cm, ~ <lunng 19fi12 fIlf'lCl '993. 
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Em1ronmental Consulting Services. Inc. 

SEASON SPRING SPilliNG SPRING SUM'llER SUMI\lER SUM'llER FAU. FAU. FAU. "'INTER "'INTER NINTER 

ZONE AU. AU. AU. AU. AU. AU. AU. AU. AU. I AU. AU. AU. 

DEPTH SUiilST'AAT1.JM I S C I S C , I Ii C i I S C 

TURBEIJ..o\RI.... ~OO«!. OOOM ~0015 00001 : 00021' I 0.0004 00018, ~ 004lI 

NEMERTEA ~01.· 00143 o 00lI4~ 00390: o 0IXl61 

NEMATODA 00007 00001I: 00224 0C033' 00012l 0.0002; 0.0002 00011 000071 00003 

OUGOCHAETA 0291!6 044117' , 2107 04017' I 3574~ 0244lO' • 284; 08125 0.041115' 11747' a_' .
...1"'UQINEA 000'0 a 00CI5 o 0044l I OOIM' o 00lI0: 00043 
POLVCHMTA 001111 231141 117S84 021124 . 14e22 0_ '.. 015551 0003G' 008'1l, 

• BIVALVIA 0.0215 23784 a 2IlG8 08282: 5.735 00357 Oll4301 28582S 22_ 0.0018: 23'252' 21 5lI!!l 
I GASTROPOOA 00013 00lXl6 00002 ooces, OOHII o 00Gll 00043. 

CLAOOCEAA 001S! 00017 002lNl 

1 AMPIo<IPOOA , 00192 o 27a: 0.03111 a 0ll3e 0"'0 • 2844' 01215' 0'023. a 3lI201 00170 a 12!lei ,_ CUMAceA 00003 00012' o 0IXl6' I 00003 I 

j ISOPOOA 0'230 011570 02583 00133' o 3393d 01784' 034144 o 22lI01 00020 02243 0'337: 
1 C\olIRONOMIDAE. 0041108 03705 0.1073 02797 0'872 008281 00123: 0.1432' 00103! 0.000lI 00396 00235: 

! 0 THER TA:AA O.04n 00GlM O.ooeo 0_' 00178 000841; 00031' 00134: 0.22.51 00078 oOlle ~ 0093i 

'1 I PeI'lCeNT OF TOTAL ; , I! 
I ; 

TURBELl.AAIA 0011 Ott 008 000' 0.01 i 035 0.01 002: 
, NEMERTEA 025 014 ~ 1311 0'3' 000 

~ NEMATODA 012 0.0' 0.87 003 o OlIn 000, 0001 II' 000 ~OO, 

I OUGOCHAETA 4784 727 '4.03 '5S!. .e3' 2735:, 2030' 4 Ill: 3.43; 52.37 4711 311' 
...IRUOINEA 0.'11 001 008 008 I 004 ~02 

j POLvC,,"AETA 2511 351lll 75.31 2.5' 3751 ' 051 5721 3el 025 .$8 

I BlIIALYIA 34ll 35 so 240 3227 511311 a 72l 53.08' li302 575' '82 113.72 li3 '8 
GASTt:lOPOOA 1,)02 001 oood 0541 O.all' 004 002' 
CLAOOCEAA 2.53 003 033 : 
AMPIo<IPOOA 3.08 417 0441 2.43 • 2' 2544' '002' 033 142 007 356. 

CUMACEA 001 , 0101 000' 000' 

ISOPOO" 1filSO lill2 2.117 052 '5 '0 5 sod 14.721 "ll· O.SO 200 O.lll 05111 
CHIRONOMIDAE 12.57 5511 '-24 '090 lSOI I 57! 101 I 0.47' 0.04' oee'· 0'11 o 'e: 
OTHER TA:AA 7Il2 1 all 0.011 3724 017 0.71 0281 004 087 783 o all 304 

1 
WlTJ.+OUT COA8ICULA FLUMINEA il 

T1.JRBELl.AAIA 000«! OOOM 0.0015 a 0001 n 0.0021' 00004 000'8 : 0044l 
, NEMERTEA o alee 00'44' 000114 00390 oocas 

, NEMATODA 00007 0.00CI5. 00224 00033: 000'2 000021 00002 00011 00007 ~ 0003 

I OUGOCHAETA 0.291!6 04417' , 2,07 04017 , 595111 , 3574 0.244lO! '284' 08125 0041115 I 1747 ~ 1105' 

! ...IRUOINEA 00010 o 00CI5. 00044l OO'Hi a 00lI0 30043 , POLVCHAETA o OHI' 2.3lI41 117S84 021124, 0,555: 14e22 0.003G' 008'11 0-" 
00440' 00350, '" BIVALVIA 0.0009 2.'_' 0'001 000112 03'44' 00114 00018 '0817 

GAS'fROl'ICIClA 000131 0000ll 00002 oocesl 0.0111' : o00118 00043' 
CLAOOCEAA 001S! 00017' 0.02lNI 

AMPIo<IPOCA 00192 o 27a 003111 0.0ll3e1 004'0 • 2844 0.'215' 0'0231 0.3820 00'70 0· ...

0.00031 0.00091 00003 •CUMACEA 000'2 
ISOPOOA 0.'230 0.•70: 025e3 0.0'331 '_I a 33Il3 0.17841 0.34l441 022llO 00020 02243 3 '337 
CHIRONOIoIICAE O.oece 037a51 0.'073 02787' 0'8721 0.0828 001231 0.1432\ 0.0103 o 000lI 00316 3 02J51 

OTHER TA:AA O.04n 00GlM1 O.ooeo 0_' 00178: 000114 0.003': 00'34 0.2215 00075 001111 3 00lI3. 

I 
Total "'••" tuem.. aJml 0.1lO5O !I 4103; B5248 17820. 4 25IIlI; 411326 0_' 2.45111 ' lt7e,j 0011110 2 !l117 • 577\1' 

I 

l I Pel'lClii'lT OF TOTAL (w,O COAfiIICULAl 1 I•
TURBELLAA.... a OIl· all 0011 000' 012; 0311 001 nco 
NEMEATEA o2Il' 034, 013 19' 002 -
NEMATODA 012 00' '2Il 0011' 002 00' 0.0' 1 '4· 003 3021 
OUGOCHAETA 41150 751 '4.20 2254 les, . 2752 43.241 52.3' ; 27711 1l2.37 UN " 37' 
...1"'UQINEA 0.'7 001 0.08 1 : 0111, 034 ~ 27 

POLVCHAET.... 2.Il5 Jea. 79.2ll S eel 3784 632: 4390 31111 237 23 •• 

BtVALIIIA 0'4 33.n: 117 2.47 a Hi 013 , '2.75' OJe 182' 4085 

GASTROPOOA 002' 001 000 , '51 0111 034 027 

CLAOOCERA 272 003 034. I 
AMPIo<IPOOA 1.17 431' 048 357' 10351 25113 2135i 4 'll: 1138 085 SC2 

, CWACEA 002 0221 002' 001 

ISOPOOA 20.32 102ll, 3.01 075' JUS, SM il3$: 1490' 720 200 S5I 8~
CHIRONOMlCAE 1332 578: 121l '5.' 440: 'M 2.'111 582' 012 OS! '52 
OTHER T/iIXA 7M , 08; 008 53113 042' 0.'7· 0541 054· S1l7 7113 AU ~3!>9 



Table 13.	 Numbers of blue crab. grass shrimp, and sand shrimp taken in fisheries collections in Zones 2, 3, 4 and 5 in the 
Delaware River between the C & D canal and Trenton, NJ during september and October 1992. 

r-zone--ll Male TFe~al~ I To~al 1=Mal:~ r~~a-I~ ~·T~i~F-Male-I-';~~al~I~~;~~;' 'If' ~-~~e -I Fema~e I Tot~,-'lr =~~Ie .. I~:~~I~ I Total 

Blue Crab 

Septembef_ 7
 1
 8
 9 10 21 5
 26
 94
 47
 141
 121
 54
 

I~tober jl-_~~ ~I. __1g
 211_ .. ~ J- 2511 ~ __ .~L____ 911. __. __ J:~~ 10
 24
 49
 21


Illotals ~~ _J6J .. --~=-..~l-- 301 5~_ 35'i. 26 L._ ._~L __	 ~JL_ ..1~I __ .. ?7 !~§II_ - J?'QL,--,-]~.---r-...,---,r----.-.. -.--~- <

255
 

Grass Shrimp 

1670
II September 'I~ .----+---..!UI---.------.-!---11~----.-.. ----.-l---~.L---- 1732
 

October. l __-------- .. ---J------.?l1 

I~Totals !I-- ·-f 4  - ~ 

38 117
 97


_39~!=--====---===!=--~r====-·=-,,'-.-!--1!67,i . _ 1~~1 

Sand Shrimp 

o ~~Pl!~~~ o o 781
 181
 

October --11----- __ !___~,-_____ ___ ...	 o 2
 623


Totals .-=-'=-'""". .Ql_-=--,,=,-==,--=~!,;::-==-=_",,- QIL ...,C-=-,"-"-'=-=_"- __.._,,,-L_-=-,--=-:l= -=,,-_,__ '--' ...._ 1404.. _



September October 

Zone Zone 
Length, mm. 2 3 4 5 ALL 2 3 4 5 ALL 

5.1 - 10.0 ' 1 4 5 2 1 3' 
10.1 - 15.0, 17 18:1 1 2 3 
15.1 - 20.0 , 19 20, 1 6 3 5 15 
20.1 - 25.0 ! 2 ' 18 20 :1 2 2 4 8 

7 5 5 4 14 !---::-2-:::-5.-:-1_-_-:3:-:0:-:.°=-i!r-I ------:--  7::-r-:,---=1:,'1' -  __-.--.. _ 

30.1 - 35.0 II 6 6 1 2' 1 4 
2: 1 2 1 6 
2: 4 1 1 ' 8 

: 45.1 - 50.01 1 1 il 1 1 
50.1 - 55.0j 1 1 :, 

1 '	 1 " 
65.1 - 70.0: 3 3:1 1 1 
70.1 - 75.0 1 1: 1 1: 
75.1 - 80.0, 1 " , 
80.1 - 85.0:1 1 ,

I 

85.1 - 90.0: 4 4:: 1 1 
90.1 - 95.0, 2 2'! 1 1 

1 

1 1 
130.1 135.0 ,il 1 ,, 5 ' 6 i)	 :, ! 135.1 7' - 140.01 7 I' 

1 ' :1 140.1 - 145.01 i 4 6 101 1 1 i 
I I i :1 145.1 ! - 150.01 7' 7! 

Iii , , i I150.1 - 155.0i 2 4 61 ; 
I 'I 155.1 - 160.0! 1 6 2 9: 

:i " , 160.1 - 165.0d 1 1 1 , 1 4:, 
i	
I 165.1 - 170.0i1	 2 3 5' "

1 ---	170.1 - 175.0!l	 

I 

Total!1 10 26 141 18511 12 25: 9 70'; 
j 

Table 14.	 Length frequency of blue crab taken in fishery collections in Zones 2, 3, 4 and 5 
in the Delaware River between the C & D Canal and Trenton. NJ during 
September and October, 1992. 
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Depth season 
Zone Substratum Spring Summer Fall Wimer 

Intertidal 2.7951 3.01302 3.2315 1.9906 . 
2 Shallow/intermediate 3.4916 2.0917 2.6620 2.67133 

Channel 3.5841 1.9250 2.2116 2.6841 : 
Intertidal 3.1657 3.2359 0.7155 0.25213 

3 :Shallow/intermediate 3.4594 3.2005· 2.5370: 2.6013 
:Channel 2.6020 2.7307 1.7349 2.31346 
Intertidal 2.7115 i 2.5070 1.6420 1.3569 ' 

4 i Shallow/intermediate 3.8069 1 2.7878 , 1.8279 2.2308 
iChannel 2.4610 1 2.3646' 2.2681 : 1.3970; 
[Intertidal 2.65213, 1.4474, 2.5730, 2.2454 : 

5 i Shallow/intermediate 2.6855 1 2.75691 1.48701 1.6470 1 

'Channel 1.9936. 2.5990' 1.8016' 2.5296 • 

I 
Median 2.7533' 2.5530 2.2212 2.3150 

Zone 2 Zone 3 Zone 4 ZoneS 

Median 2.6815 2.6017 2.3164 2.3875 
Shallow/ , 

Intertidal Intermediate Channel &! 

Median, 2.5400, 2.6702' 2.3746 2.5333 

PIELOU'S EVENNESS INDEX
 

Depth season 
Zone Substratum Spring Summer Fall Winter 

2 

4 

5 

Median: 0.6489 O.sass 

ZoneS 

! I 

Median: 0.6227 0.61761 0.5919 
Shallow/ i i 

Intertidal Intermediate i Channel : ell, I; 
Mediani 06591 0.5783 1 0.6041 : 

Table 15 Diversity and evenness Indices for benthic macroInvertebrates collected In the Delaware 
River between the C & D canal and Trenton, NJ during 1992 and 1993. 
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T!lI!W".lufej"CI 7!ii SO 13.!ii 230 9.5	 2.!ii 13!ii 23.!ii 10.0 2.0 .15.0 24.!ii 10.f> 2.0~	 Minimum IVii 22'!ii:1 

M..lmum l!ii,O 28.0 11.0 11.5	 17.0 2II.!ii 10.5 6.0 17!ii 250 120 4,!ii	 170 2CI,0 12,!ii 1>0

_ _, . MlI8Il_ _.-!~.I 25 7 I 114 ~~ __'!ii.O ••_1.~~ 11.11 . 411 3.5	 15.6 .. 24.11 113 211---- -~--- - -- -
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f- i--'-~~~ _~Me!n 13.3 25.2 11.8 48	 145 231 117 4,3 --~_.~--~-_..._-_::: _::: ~.~:: 31 HiS 24.3 10.8 2f>

S!!Iiolk1ppll ~ Minimum 0 o o o	 o o o I) o o o 
MlIllimum 0 o o	 o o	 o o o 1 4 4 2 
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Table Ill,	 Minimum, muiinum end /fINn Iil88SUfllfl\llnls 01 "'mp",.Iu'II, salinl¥, condudivily and dissolved oIlYglln 
laken in IIMl OIlI&",e,e Rlvll, belWllllllllMl C .. 0 Cenalend T.lInton. NJ dunng 1992 and 1993, 

Envirunlllenial ('ullsulllllg St·,Vh'(~S. hI(' 



Table 17. Percent.composition by grade classification of sediment collected in the Delaware River 
between the C & D canal and Trenton. NJ during 1992 and 1993. 

r"'" ·····J·l... ,"."".-' · . Depth 
Zone Substratum l

11"-'" Mean Percent Composition 

Jl' - _. "'.1' I Very Coarse I Coarse I .Medium I' Fine 
Pebble

Very Fine I 
Sand 

... 

Silt!
Clay 

~. --, ~ 

5 .'. :-.. ,~~i~~.,n,~.rmod~'. 1-- ~- ... ··i3..-: ~ .~ ~: ~ ~:: _. .. "·l~~~·l··- ~~:~ 11.2 
22.4 

32.2 
23.9 

Intertdal 20.1 6.3 6.3 13.6 23.3 14.5 5.2 10.5 . Combined . 14.6 3.6 4.1 9.4 17.6 16.5 

-~;iii~=~~~I·_.l·:·;tjl-. ..' ii .... ·~~-;g~~--~i;( g~
 
12.5 

3.6 
20.6 

2.3 

19.6 

41.7 
45.6 

1.2 
6.4 

[ l\i~~~~·'·I~~~;t! .....··t!··_-~]---;~=·-;Jf__;~i
 '~~ 
~IChannel -- 1.~ -----~ ---- 4.3"" ------ 9.9 ----14.6 ..... -~.o· .,,-- ..__ .~~ ....

28.2 

19.3 
51.6 
16.1 
32.3 

51.1 
63.9 
16.3 
45.0 
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Sampling Sampling Number of	 
: Zone 'Appro".male LOcation, Dates IMervlll sampling SItes Gewtyp! Replicates . SiZll Results ReI~ 

<4 Perpend!eUhSf Anselm"" (1974) 
Trernon. NJ - Aug 1970 - . , Zones (ma,onty POnlJf 8 - ao . 1.0 and denItly Ct1JITIl:I(HI76) , 
Burlington NJ Oel 1973 '"lonthJy 01 study) Pelerson random O.Smm dry wI biomass, Ct1JITIl:I (19771 

EddVlIlone. PA Nov 1971 One total'	 POnlJf 7· O.Smm spec'_ compoSItiOn, 8_"(1971) ! 

June 
4 Eddystone Nov 1971	 PonlJf 7"'A 05mm' Scecl_ COmOO\lltlon' Poller&. Harmor" '11173)' 

Feb 
4.	 Eddystone "'A Nov 1974 :::..art!!1y :3stat.ons POf'IN 2 0.5mm spec,es compoSlllOn Hllfmon & Sm'l!' '1975) : 

41ranseclS 
Oel- lind 2 stlIl:Ions 

4-5 Nurnans creek DE Nov 1985 Monthly stret random PCf'IN :3 OSmm dens'ty VJSA 1986) 

HOrlleshce bend - Sept,Ocl, 10 Trlll'lllllCtS 32 and 
I 4 - 5' Bulkhead bIN rang! Nov 1981 Once Sit.. 1-10 POnlJf 5 - 170.5'l2mm' density RIIIIC :19861 

Delaware, VanVeen;
 
Memonal' Peterson
 
Sndg! -! MIN 1971 -. Menzies tr_\' ",stalion!
 

5' C and D Canal I Dec 1912 C~erty·	 12 statIOns 8101 dredge 3 7: dry wt. blomass TaylOr el al (1973) , 
, 

June - c::liinSltY 1 
5 C and D Canat' Sept 1971 Monttlly '2Sltn POf'IN 3' O.Smm: dry wt, blomass I Sm,tn (1974) : 

Apnl- denItly : 
5 C and D Canal Oel1912 S.."ornhly 2 Sil. Ponar 3: O.Smm' dry wt. l:IlOmass: Connellv :1914); 

July - denItly i 
or. De Sept 1\172 Vlornh 9 statIOns Ponar 2 05mm: wt.b'omass 1913) 

i 
Oct- I denatty , 

5, Edgemoor, De Nov 1973: Monthly 9 stlIl:Ions , Ponar 2 O.Smm: dr:v wt. bIOmass; ! , Oms ,19745)1

I Jan 
5' Edgemoor. De I May 1974 Monthly 9 statIOns Ponar 2 O.Smm: de!'!!!lty Oms (1974b)' 

July -	 denItly 
5: Edgemoor De ; Nov 1914. 8,montl'!fy; llstlll:lons' Ponar 2: O.Smm, dry wt. blomass: Browe" (1975) 

Jan _. denatty! 
5 Edgemoor DE i Sept 1915 8,montnly , 9 statIOns POnlJf 2 0.5mm dry wt. biomass, Browell (1976) 

Wilmington ~ May - 2 statIOns 
5 Harbor. DE Oel191<4 ThrHtollll: suet random 1"0...41' 2 05mm deMS!t\l Beck el al (1985) ; 

Augl97g 
5' Chnst,na River, DE' July 1980 -wo total 2 stat,ons , 7' 2 n/gral:l: Roga/sKy 8. Collier(1981! 

summary lIpeCI4IS i 
5 Logan TownshiP, NJ None Nona None None, None' None! comoo\lltlonl BioSystems (1990): 

! 
I Trenton, NJ -I Summer - lS4tOlllli	 i 

e and D Canal! Falll1172 stlItIOns . 7' 7,2 - 5, Once ?' SC4lCies comOOSlllOn: Walton & Petnck 1973 

Trenton NJ -	 , I I
I summary lIpeCI4IS I

2 - 5: C and D'CanalI None, None: No".., None! None1 No"..! cOlT1pOSItiOn; Ashton et &I (1975) : 

Trenton. NJ -: summary !JI)4ICle; 
2 - 5' C and D Canal 1 None No".. None· None, None' None I COIT1 SllIOn! Betz '197~ 

Trenton, NJ -: 
, 2 - 5' e andDCanaI None None: No"..' None!	 None, None! COlT1pOSlllOn: Tvrawsl<' (1979\' ,

I ,i	 ,
Trenton, NJ 8 TranlI4IclS Ekman I denatty I
 

2 - 51 C andOCanel
 JulY 1985: onetotali SIt.. 5-13 7' PonlJf' 5 -glI SC4lC'elI comDOSItiOn i PAS(I9851t , I	, i ! . I

June _:	 i ITrenton. NJ -I	 nlt;1:al:l! 
$epl1990' OnceI 7 ?j 2 - sl C andOCanel 1-5/ 0.5mmi blomass USE?A (19901;1

I 
I i 1 

Trenton. NJ -II	 I I summary~i 
2 - 5i C andOCanel No".. None1 None NoneI None! None! comllQSillOn FrIt~netaJ (1991): , 

I	 ! !	 i i 
Ptttiadelphla. PA - j I ! I I summary lIpecIeS'! I

3 - 5! C and D Canell NO""" None N0f\e! lIIonel compOSItIOnI ANSI" (19691 '1 

i , 
Phollildelpt'lla. 1"", 	 I ! I 

3-5 C lind 0 Canal i No"" None. None Noner None, None; USACE Q.990J i 

:Mec . s..... 
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ZONE YEAR DOMINANT TAXON AUTHOR 

2 1971 Oligochaeta, Chironomidae Anselmini (1914) 

1972 Oligochaeta, Chlronomldae Crumb (1916) 

1973 Oligochaeta, Chironomidae Crumb (1977) 

1990 .Oligochaeta USEPA (1990) 

3 1965 ,Oligochaeta PAS (1985) 

1990 1Oliaochaeta 
i 
IUSEPA (1990) 
I 

4 1971 :Oligochaeta !Potter & Harmon (1973) ,

1974 

1985 

Oligochaeta, Hirudinea 
I 
I 

i Oligochaeta, Isopoda, Amphipoda 

iHarmon & Smith (1975) 
I 
! 

:VJSA (198S) 

1985 Oliaochaeta : PAS (1965) 

5 

1987 

1990 

1971 

!Oliaochaeta, Amohiooda, Isopoda 

Amphiooda, Isopoda 
i 

iOliaochaeta. Amphipoda 

IRMC (1988) 
I . 
I USEPA (1990) 

i 
i Smith (1914) 

1972 Oligochaeta 
I 
! 
, Taylor et at. (1973)
I 

1972 'Oli ochaeta, Am hi oda 

1972 ,Oli ochaeta, Am hi oda 

; 
i 
I 

:\ 
II 
,I 

:1 
,I 

:1 

, 

I , 
I 
; 
I 
I 

I, 
I 

I 
I 
I 

I
I 
I 

1973 

1974 

1975 

1980 

1984 

1985 

1985 

1981 

1 
IOligochaeta, Amphipoda 

iOliaochaeta, Amphipoda 
i

IOligochaeta. Amphipoda 
i
 

1Oligochaeta. Chironomidae 

Oliaochaeta. Polvchaata, Chironomidae , 
! 

i Oligochaeta, Poll/chaeta 

IOligochaeta. Amphipoda. Polychaeta 

!Amphipoda. Isopoda, Polvcl'laeta 

:Orris (1 9748) 
I
! Browell (1975). Orris (1974b) 
! 

IBrowell (1916) 

IRoaalskv & Collier (1961)
 

I 
! Beck at al. (1985) 
! 
I VJSA (19S8) 

IPAS (1985) 

IRMC (1988) 

; 

! 

I
'I 
'I 

1990 IPolvchaeta Oliaochaeta IUSEPA {1990l :1
I 

Table 20. Dominant taxa of benthic macroinvertebrates, by density, collected in the Delaware River between the 
C & D Canal and Trenton. NJ, from 1971 to 1990, as reported in. or calculated from. cited studies, 

Environmental Consulting SerVices. ,n 
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Table 21. Tdallrophlc ouppOll valus 19,in'IIOf whlIa plllCl\ :5 150mm IOfk klngtl datallnirnld utlng he Benillic RlIGoulCea Aa_rment 
T~dlArng summer 19112 n iIle~.. AIv... a.-.. iIle C" D canaI ....a Tr_. NJ. 

~  

, i .. 
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envlronmenlal Consulting Servl(·¢'s.IIU'. 

1able 22. 1aI.lrophlc ouppOIl va- (gA'n") lor while pen:h :> 150mm lork klngtl dlII8If11lnlId ullng ... 8enIhIc ReiIourcell AIlMBsmenl 
1lIChniqJe clurilQ liUfllfMf 1992 n lhlI 0lII_. fliv. bea-lileC & 0 cMlllIIIId 1renlon. NJ. 
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Table 23. TllIai IropIiIc llllppOO vllllu. (gh'n')'01 liIllpllll blISS S 100 mm !OIk ling" deiGlllJli1ed using .... BlinIhlc RIIIlOU""," ~1I01 
Techniq.llil dumIl SI.!IIlIi'MIf IW2 in ....DlII._II RMw b~ ....C &0 canallIIld TlllI1Ioo. NJ. 
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Tablll23: (COOlinuecll. 
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S~~~S~-·i.30r-·-335f-!lIU:~~I· '--Tool -- -o.w 100 0.50 

SMm.1bE-'" 
0.2~ __ O.~ o.~ .Q:~I!l ~,012Cl 0.1(X)2 036116 0.36740.0Il64f: 0.0517

P~a ~t'-""_
0.0148 0.0IllIll --o.Ciaiil . l~~ ... g::~ .... g~ '~~.~

~--- - 0.0104 .-Isopoda, ... ==: - 0.0214 _'-0.2372 ·-O.2S21:~j~~.:·o.01~ ..lITiiS .
OilICIfIllmIdaa ~L 0.0173 0.0366 fUm 0.0102 0.04l!~t-0.0041 .--_. ~::p ~;!tk:l~;~MoIIuticM 0.1033 0.00II2 ii.Cll~ --0._ ---o:TiI2G 0.0161 0.0044 ---

PmpcrillIl III 
Imam eml!lnla 

~ar----:-'- -_._ .. __._------_.,---.... ------.
oo: 0!)1l)fj 01111>1סס 1 NO nATA 

0.:404:1 

·t I -+--__-1_····Oll'~ __.'- = ~,~~r J I j ~--'-"I---"~'~ 

,,-~ ---- ----=:- _~-~._;,;.r=::= . "-'-,
°!!!!l!!I.:~~02!~ 

.0.05Il6 

Illh! I!'gptdc !I!I!fIOO!1 

sa:~~E :=6.30 .~. ,~~~3S ~~--~~=~-~~E~~~?:.:~,~---~+-,?, :.---.'r;.,~I--'~,.
OIigcd1M1a ... _ .. __ _ ~ . __ .. ___.. . _ _ . 0.0l-48 __ 0 0210 0.00;0 __ .. _. _. . Q~Hl 0 po4l 

SMmmlbE_"p~ 3 0.4461 10142 0 lI242 02215 ~ 09531 2 Gl103 0.1l557 03563 0.02491 
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T1Ib1e 24. Tllial"ophic fIUPPOIl va- (g,m'I'Of It,lplld b s 101 - 200trlm loti< Iengtl dioIlIfflIlnlId uling IN Iil4InIhic ~1'C8& AS_liIfll 
T6lCI1niqJe dufilg fIUfMl8f Illl12 n IN 0ldMt Rl_~ IN C" 0 canal and T,nan. NJ. 

ZONE 2 ... ~-"." ~ • . 2 ".~" --"~~--"."~

SWSmATW . InI8flidal .. lINoIIow/lnl8n1lGdl8l... . Olano" 
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l5q>ode
 .~~ .. 
OlIfClflOmid 

l-----I-----~··-
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STUDY AREA wln~ ORBe WATER QUALITY ZONES.
DELAWARE ESTUARY PROGRAM 

fiGURE 1 ENVIRONMENTAL CONSULTING SERVICES INC. 



I 

15 

RANCOCAS CREEK 

5 
RIVERTON N.J. WHARf 

PENNSYLVANIA 

BURLINGTON 
BURLINGTON ISLAND 

TRENTON 

NEW JERSEY 

DELAWARE ESTUARY PROGRA~ 

OElEP SUR\#tV Of BENTHOS ZONE 2 IN THE DELAWARE RIVER 
fROM RIVERTON WHARf. NJ TO MORRISVILLE. PA 

WITH SUBSTRATA GRID LINES SHOWN AT 0.5 KW INTERVALS. 
------ J"

I fIG....._ 2 L"/IROr.." ..r4TAl \"uNSUL.II...G St.r;vICES u'n... I. 



BIG TIMBER CREEK 

PENNSAUKEN CREEK 

NEW JERSEY 

PHILADELPHIA 

HORSESHOE BEND 

CAWDEN 

----- SHIPPING CHANNEl.. 

PENNSYLVANIA 

. 15 

DELEP SURVEY Of .BENTHOS ZONE 3 IN THE DELAWARE RIVER 
FROM THE CENTER OF' HORSESHOE BEND TO RIVERTON WHARF. N~ 

WITH SUBSTRATA GRID UNES SHOWN AT 0.5 KW INTERVAlS. 

FlGURE 3 ENVlRONWENTAl CONSULTING SERVIC£S INC. 

DELAWARE ESTUARY PROGRAM 



SCHUYKILL RIVERI 

DE••PA••N.J. BORDER 

MARCUS 
HOOK 

PENNSYLVANIA LITTLE TlNICU.. ISLAND 

NEW JERSEY 
SHIPPING CHANNEL 

'-  CHESTER ISLAND 

5 

OHEP SURVEY or BENTHOS lONE.. IN THE DELAWARE RIVER 
fRO.. DE. PAt NJ BORDER TO tHE CENTER Of HORSESHOE BEND 

DELAWARE ESTUARY PROGRAW WITH SUBSTRATA GRID LINES SHOWN AT 0.5 KM INTERVALS. 

I FlGl.._ 4 ...n,RO...........TAl .....,.~SUl ..n\li Sbnn.;ES un...
 



NEW JERSEY . 

PENNS NECK 

W1LMINGTON 

,..__-- PEA PATCH ISLAND 

NEW CASTLE 

DELAWARE 

DELE? SURVEY or "aENTHOS ZONE 5 IN THE DEl.AWARE RIVER 
FROM THE C AND D CANAL TO DE. PA. NJ. BORDER 

DELAWARE £STUARY PROGRA~ WITH SUBSTRATA GRID UNES SHOWN AT 0.5 I<W INTERVALS. 

F"IGUI~E 5 . ENVIRONWEMTAl CONSULTING SERVICES INC. 



PERCENT TOTAL MEAN DENSITY BY TAXA
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OUGOCHAETA AUPHIPODA ISOPODA BIVALVIA OTHER
 
CHIRONOMIDAE TURB£lLARIA POLYCHAHA CLADOCERA
 

 MACROINVERTEBRATES COLL.ECTED IN THE OELAWARE RIVER
DELAWARE ESTUARY PROGRAM •. . BETWEEN THE C " D CANAL AND TRENTON, NJ. DURING 1992 AND 1993. 
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-- . -r----'-------- ------'. ----------
. PERCENT or ANNUAL TOTAL MEAN DENSITY BY POOLED TAXA or BENHIIC 
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POLYCHAETA OUGOCHAETA ISOPODA AUPHIPODA CHIRONOt.«IDAE OTHER 

PERCENT TOTAL WEAN BY TAXA 

PERCENT or ANNUAL TOTAL MEAN BIOMASS BY POOLED TAXA or BENTHIC 
...ACROINVERTEBRATES, INCLUDING .kQ.frnlCUlA. COLLECTED IN THE DELAWARE RIVER 

DELAWARE ESTUARY PROGRA~ BETWEEN THE C &: 0 CANAL AND TRENTON, NJ. DURING 1992 AND 1993. 

FIGURE 1 ENVIRONMENTAL CONSULTING SERVICES INC. 

or 

I 

------------,., --------_._- --- -------
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PERCENT Of TOTAL WEAN BIOMASS BY TAXA 

WITHOUT CORBICULA 
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PERCENT or ANNUAL TOTAL MEAN BIOMASS BY POOLED TAXA or BENTHIC 
twfACROINVERTEBRATES, EXClUplNG CORBICULA. COLLECTED IN .THE DELAWARE RIVER 

DELAWARE ESTUARY PROGRAM BETWEEN THE C " D CANAL AND TRENTON, NJ. DURING 1992 AND 1993. 
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TOTAL MEAN DENSITY BY SEASON
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TOTAL MEAN DENSITY BY SEASON or BENTHIC MACROINVERTEBRATES COLLECTED IN All 
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WHITE PERCH > 150 MM
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APPENDIX A-l 





lppu4il hUe 1-1: Chroll.ological listillg of pbfllicoehuicd data, alld IIlllbtl.' alld deuttr of hellthi!; ucroiuuubntu 
.collected bf Ponar ,rab in Zones 2, 3, 4 and S ill tbe Dela,are liTer between the C i Dcillal lid 
Trellton, IJ 4111'111.9 1992 aId 1"3. 

Date 4/28/92 4128192 4/28/91 4/281'2 
Tile 
Locatioll. 

1.2. 
5333 

113. 
I3J6 

1215 
Be. 

13••. 
12.1 

fide 
fnp.lel lir 

Surface 

flood 2 
12.5 
14.' 

llood Slack 
13.' 
13.5 

llood Slack 
12.'
14.' 

Ibb 1 
16.' 
14.5 

Bottol 
Sal.(pptl Snrtace 

Bottol 
Cond. Sorhce 

14.1 
t.' • 

•••
122 

14.'•••0.' 
109 

••• ••• 
11. 

Bottol U8 109 
D.O.(pPII SlIrface 8.1 8.3 8.2 8.1 

aottOi 8.1 8.3 
Depthlfutl 18 TO 21 4 fO 6 4 fO 5 3 TO 4 

11/12 11 11/12 II 11/12 II. . 11/12 11 

IUUODl 
OLIGOCBUn 
PAllllIS LlfOll1lS 
UIIDllfIlIID fUlllICID '2 
LIIICDIILUS HOrflEISfllI 
PISCICOLIDAI 
SPlOIIUU 
CORBICULI lLUlllll 
GAUllUlS SPP. 
CUflUIl.1 POLIT! 
DUfnl 
CUUOPOGOIIDU 
POLYUlHLlll SPP. 
CRYPfOCIIROIOIOUS SPP. 
OlflOCLlJllIlAI 
CRICOfOPUSI ORf!OCLlJlIUS SFP. 

PUPAl 
LAIVAI 
LUiU 
LAlnl 
LAltAl 
LAliU 

1.1 

•••t.t 
1139.7 
17t.l 

•••
31.8 

•••
18.9 
56.7 
18.9 
I.e 

132.3 
f.' 

18.9 

••• 

I

••55, 
I 
2 
t 
1 
3 
1

•
1

•1
• 

I.e 
I.e 
I.e 

37.8 
18.' 
18.9 

18.'
18.' 
•••

18.9 
i.e 

18.9 
31.8 

•••t.t 
1.1 

•I 
I 
2 
1 
1 
1 
1 
e 
1

•1 
2

•e 
t 

31.8 
75.6 
75.6 

132.3 
I.' 
••• 
•••
'.1 

•••75.6 

•••t .• 
211.9 
18.9 

••• 
••• 

2 
4 
4 
7 
I

••••4 
e 
e 

11 
1 
t

• 

••• •I.' •I .• I 
291.9 U 

••• I 
I.' •••• t 
'.1 •
••• •'.t I 
••• •
••• I 

37.8 2 
f.f t 

••• •18.9 1 

..
 



Dau 
Tiu 
Location 
fide 
fnp.ICI lir 

SUrface 
Bottol 

Sal.(pptl Sorface 
BottOl 

4/28192 
1350 
1219 
Ebb 1 
18.5 
15.' 

e.' 

4129192 
915 

ellS 
11o0d 1 

11 .• 
13.' 
13.' 

4/29192 
1.15 
C236 

flood 1 
12.' 
12.5 
12.5 

H29192 
1245 
I276 

flood 2 
n.' 
13.5 

COl1d. Surface 
BottOI 

D.O.lpPII Surfaee 
Bottol 

Depthlfeetl 

U5 

8.t 

• TO 5 

111 
10e 
9.3 
9.' 

U fO 48 

95 
95 
9.3 
9.9 

11' 

11.2 

1 fO 2 

11/12 11 11/12 Il 11/12 D 11/12 11 

flJRULLUII. 
InATOIIl 
OWiocaun 
nC!YfUJIDU 
UGlSCOUCIDlI 
I1llIlDlI 
UIIDE.TIllED fUBlllCID 11 
UlIDllfIlIID faBIfIClD 12 
ISOCRlITIDIS flItI 
LIIIOOIILUS ROflUISftlI 
LIIIOOIILUS UDIIllIllUS 
QUISfAD1ILUS/SPIIOSPIlll SPP. 
ClSfOSRl.CHUS SPP. 
POLICIlIn 
SCOLICOLIPIDIS VI1IDIS 
BIULVU 
CORBICULI fLUIII11 
COPlPODl 
CUflllU POLIYl 
nnlUIPfIU 
DUflU 
DUil1! 
CIRlfOPOGOIIDU 
iJlIIOSU SPr. 
CLlDOfllTflRSUS SPP. 
DIC10fliDIPIS SPP. 
POLInOILUIl SP!. 
OUIOCLADUIU 
1l10CLlDIUS SP!. 
UIIDIiUlIlD ORGotsH 1

LUVU 
PlJPU 
tUtU 
LAUU 
tUtU 
LUiU 
unll 
LUlU 
LAUAI 

e.' 
18.9 
e.' 
•••e.' 
•••

31.8 
415.9 

•••
2n.7 

••••••'.t 
18.9 

••• 
•••
••• 
•••

18.9 
'.t 
•••
t.' 
•••t.' 

'4.5 

•••18.9 ... 
••• 
••• 

' 

e 
1, 
t

•e 
2 

22, 
13

•••1 
t

•t
•1
••I
••5
•1
••• 

0.0 e 
e.e , 
0.0 , 
I.' •'.e •
••• t 
e.' t 

245.1 13 

••• •e.' •
••• •e.' t 

••• •t.' • 
••• t 
••• •18.9 1 

••• t 

••• •t.' •I.' t 
I.' •
••• •
••• •••• t 

••• t 
I.' •
••• •t.' •
••• • 

491.5 
31.8 
75.6 

••• 
•••151.2 
I.' 

1196.4 
113.4 
245.7 
245.1 
18.9 
31.8 

•••56.1 
la.9 

391.' 
31.' 

412.6 ,.. 
18.9 
31.8 
9•• 5 

•••••• 
•••1919.3 

113.4 
113.4 
31.' 

26 
2 
4

•t 
8

•S8 
i 

13 
13 
1 
2

•3 
1 

21 
2 

25

•1 
2 
5

•••111, 
6 
2 

t.' •'.t e 
t.' e 

56.7 3 
9•• S 5 
'.1 t.., , 
••• •.., •t.' •
••• •t.' •••• •
••• •
••• •••• •
••• •
••• •
••• •151.2 8 
t .• t 

••• t

••• •,t.! 5 

••• •18.' 1 

••• t.., •'.1 t 

••• • 



DiU 412'''2 4/291" 4/29/92 4129/92 
file 1535 161. 162. 1655 
Location UU 5122 5218 52U 
rUe 
hlp.(el lir 

Surface 
Bottol 

Sal.{pptl Surface 

Ibb 1 
18.'
14.'. 
14.' 

Ibb 1 
19.0 
14.'
H.' 

Ibb 1 

lI.' 
14.' 
14.' 

Ibb 1 

18.' 
14.5 
14.' 

Bottol 
COl1d. Surfac@ lee leS 1•• 195 

Bottol 1'. 195 1•• 101 
D.O.!PPII Surfac@ '.5 9.6 9.f 9.8 

Bottol 9.' 9.4 9.6 9.5 
Depth! feetl 18 fO 19 U fO 12 23 fO 24 28 ro 29 

n/12 11 11/12 11 11/12 11 11/12 11 

IBUfODl 
OtIGOCBUf& 
nIDIllU 
ARCflOI1IS LOKOIDI 
pusrln spp. 
fllBUICIDU 
UIIDllfI!IID !VIIIICI)) '1 
IJIIDUfIlUD !UBUICID t2 
lULODIILUS LIKIOBIUS 
LIHlOD11LUS HOIJ!lISfIII 
LIIIOD1ILUS UDlkl!IlIUS 
OOIS!lDl1LUS/SPIROSPIRKl SPP. 
POLYCUIU 
SCOLICOLIPIDIS VIRIDIS 
BIU.uu 
COiBICVLl PLUIIIIA 
punt" SPP. 
ucnIDU 
CLiJlGCIU 
COPIPODA 
GunRlS Sf•• 
CYUlllRl POLIn 
CIIIIDGfll ALHtl1 
cnUOPOGOIIDU 
CIlIIGIOIIDU 
!UfTUSIII 
1~IOflIYfliSUS SP!. 
fUYTnSUS SPP. 
DICIOfllDIPIS SP!. 
POLUlllILUI sn. 
CiTPfOCIIIOIOKOUS SPP. 
OUIOCLlDIIIU 
IUGCLlDUS UP. 
18L18ISII1l (1Iel'! !lIU~lfll 
noeUDIIS sn. 
OIIDllfIltBD OaGlIISI 
UIIDIlfI1IBD OIGAIISK 1 

LU'U 
tUfU 
uno 
tU'U 
Linu 
LU'U 
LUlU 
LAUO 
UIfU 
LU'U 
LU'" 
LUlU 

113.4 
283.6 

I .• 
151. 2 
e.' 
e.' 

151.2 
18".4 
151. 2 

I.' 
151. 2 

••• e.' 
'.i 
i.' 
t.t 

94.5 
t.t 

31.8 
56.1 

••• 
t.' 
••• 

18.9 
31.8 
t.' 
••• I.' 
••• 

15.6 
15.6
'.1 
t.' 
••• 226.8 

15.6 
56.1 

6 
15 
0 
8 
0 
t 
8 

1" 
8 
I 
8 
i 
t 
I 
t 

•5 
I
2 
3 

• 
t 

• 1 
2 

• e 
t 
i 
4 
4 

• •• t 
12 
4 
3 

37.8 2 
18. , 1 

151. 2 8 
e.e 3 
0.' 8 , 17'.1 

348.3 18 
5293.' 2S8 

I I.' 1.n.5 n 
0.e •e.' e 
e.' •18.' . 1 

e ••• 453.1 24 
I.e· • I••• i.' • t.' I

56.1 3 
226.8 12 
i.' • 18.' 1 
i.' I 
t.' t 

453.1 24 
113.4 6 
132.3 1 ,. 17.1.3 
132.3 1 
34'.3 18 
113.4 6 
226.8 12 
113.4 6 

t••• 
321.4 11 

18.' 
t.' 
e.1 
e.'

775.e 
••• 
t.t 

7188.8 
e.' 

9n.4 
321. 4 

19'6.' 
245.1 
18.' 
18.' 
94.5 
t.t 

••• 
56.1 

••• I.' 
113.4 

••• t.t 
'.t 

18.' 
i.' 
t.' 
••• 

415.' 

22'.' 
••• 
t.' 
t.' 

a5.1 

••• 
31.S 

1 
e 
e 
• u
t 

•375 
I 

48 
11 

lU 
13 
1 
1 
5 

• 
I 
3
t 

• 6 
I 

• t 
1 

• • t 
n 
12 
t 
t 
t 

13· 
I 
2 

e.e •t.' e 
e.e e 
••• •I.' •t I.' 
t.' e
t.' •e.' I 

52'.3 28 
888.5 U 

t.' •18.9 1 
'.8 •e.' t 

31.8 2
t.' • 18.' 1
'.t •i.e • t.' t

75.6 4 
18.' 1

i ••• t.' •i.' •t.' • t ••• 
I•••

453.7 a 
t•••t.' • t.' •t••• t t.' 

t.' t 
e.• I 



Date 4/29/92 4/29/92 4/29/92 4/29/92 
file 1335 13S8 lUI IUS 
Location 1212 C269 5268 nu 
fide nood 2 Hood Slack Ibb 1 Ibb 1 
hip. (e) Air 

Surface 
18.'
14.' 

18.t 
14.' 

2t.' 
15.' 

19.' 
15.. 

BottOi 12.5 12. 5 
Sal.(pptl Surface 

BottO' 
Condo Sorface 1•• lee ge le0 

Bottol 90 93 
n.o. (PPI) Sarface 10.5 10.' 11.2 t'e.l 

BottOi 9.6 1'.2 
Depth(feetl 1 fO 2 29 fO 3. 12 fO 13 1 fO 2 

11/12 11 n 12 11 11/12 11 a/12 11 

UnTOn 
OLIGOClIUU 
nClIUUIIDU 
ARCTBOI1IS 1010lD1 
IUS COUIJUS 
PUS!I1l SPP. 
ftrBIfICIDU 
UIIDSlf!l!!D fUBllICID .1 
DIIDSlfIlISD fUBIlICID .2 
lULODRILIJS PLUIISI!1 
LIDODULlJS SPP. 
QUISUDULUS/SPIROSUIIU sn. 
!Inu'll 
CORBICULI fLUIIll1 
SPlfUIUIDU 
COPEPODa 
G1I1llilJS SPP • 
CUCIDoru sPP. 
anosus SPP. 
fRICHOPfua 
ORIOSn. SPP. 
caUOlolIllU 
UUUISUS SPP. 
caUOIOIOUS SPP. 
DICROfllDIPBS SfP. 
POLnBDUlTl Sf'. 
C1Y'TOCBI10IOIOUS Sf'. 
CRICOfOPUSI OlfBOCLJJIUS SfP. 
ULUISIltU SPP. 
lPSICfROfllYPUS SfP. 
'IOCUDIUS SPP. 
DIIIlSlfllIID OIGUISI 1 . 

LUVU 
UUU 
LUiU 
LUiU 
UUU 
LUiU 
UUU 
LUlU 
LUfU 
LUfU 
LUiU 
LUYU 
UUU 

t.' 
37.8 

321. 4 
t.t 

•••e.' 
••• 
••• 
••••. t 
t.t

••• 
•••
t.' 
••• 
••••••
•••18.'
t.' 

56.1 

••• 
••• 

. t.' 
t.t 

•••t.' 
••• 
•••
•••
t.' 
t.' 

e 
2 

11

•t 
e 
I

•e
•t 
0 
t

•.'t 
t 
t 
1 
t 
3 
t,
•t 
t 
t

••t 
t 
t 

18.9 
56.7 
0.0 
e.• 

37.8 
37.8 

•••132.3 
283.6 
18.9 
18.9 
37.8 
18.9 
t.t 
t.' 
t.' 

37.8 
t.t 
t.t 
'.t 
•••

18.9 

•••I.' 
'.t 

113.4 
18.9 
t.' 

18.9 
t.' 

94.5 
t.' 

1 
3 
0 
e 
2 
2 
t 
7 

15 
1 
1 
2 
1 
t 
t, 
2 
t 
t

•t 
1 
t

• 
t, 
1

•1
•5 
t 

94.5 
56.1 
0•• 

37.8 
I.' 
e.' 

37.8 

•••
1758.' 

t.' 
18.9 
94.5 
t.' 

SSt.7 
5&.7 
31.8 
94.5 
18.9 
t.t 

37.8 

•••
151.2 
378.1 
18.9 
18.9 
31.8 

1241.6 
37.8 
18.9 

529.3 
511.4 
18.9 

5 
3 
0 
2 
t 
t 
2 
I 

93

•1 
5 
t 

n 
3 
2 
S 
1 
I 
2 
I 
8 

2t 
1 
1 
2 

" 2 
1 

28 
21 
1 

••• •t.' •75.6 4 
t.0 e 
I.' e 
t.' •t.' •
I.' •37.8 2 
t.' •
••• •t.t •'.t •t .• •t.' t ,., •
••• t 
t.t I, 
t.' t 

••• t 
75.6 4 

••• I 
18.9 1 

••• 
, 

••• t 
18.9 1 
t.' I 

••• •t.' t 
t.' t 

18.9 1 
t.' t 



Date 
fill! 
Location 
fide 
Yup.ICI iiI' 

Surface 
Bottol 

Sal.(pptl Surface 
Bottol 

Condo Surface 
Bott\'ll 

n.O.lpPII Surfaee 
Bottol 

Depthl feetl 

4/3./92 
n. 

SHZ 
rlood 1 
17.5 
13.5 
13.5 
'.t 
e.' 
169 
165 
9.5 
9.9 

11 TO 18 

4/31192 
945 

SU4 
llood 2 

11.5 
13.5 
13.5 

•••i.e 
155 
US 
, .1 
9.1 

21 f-O 21 

4/3"'2 
113t 
SU, 

Flood 2 
11.' 
13.5 
13.5

••• 
•••
150 
1St 
9.4 
9.4 

15 fO 1'6 

4/3.192 

H" 
CU] 

rlood 2 
18.' 
13.8 
13.5

••• 
145 
15t 
9.9 
'.5 

UfO U 

nll2 !l n/12 11 n/i2 II 11/12 !l 

rtJll.BlLLlIlU 
OLIGOClilifl 
nCIIUUUDli 
lll.CflOI1IS LOIOIDI 
CBlIfOG1Sflil. SPP. 
IUS BllllnG1 
IUS COUlllIS 
PAUlUS rUCI 
PRISfIl1 SF'. 
UIIDII!If!ID fUBIIICID .1 
UIIDIlfIl11D !VBIlICID '2 
lllLODII1.IS L1110811S 
1111.ODIILU5 PIGUlfl 
LIIIODIILIS BOflllISfllI 
LIIiODiItUS VDIIllIlIIS 
SCOLICOLIPIDIS VIIIDIS 
UULfIl 
lICYLIIlU 
CUJlOCIU 
COlnon 
GUURllS SF'. 
CUTlllIU POLIU 
lSILLIDU 
C1SSIDISCl LVIIllOIS 
CRIlOlomlU 
RBIOTlIYTIlSUS SP'. 
P01.nlllILUI SU. 
CRYPTOCBliOIOIOUS SP'. 
OlnOCUJlIIIU 
CRICOTOPUSI 01TIOCL1DIUS SFP. 
11IOCLuns SU. 
nOCLUIUssn. 
liIDIIT111ID 01;1I1SI 

LIUU 
LIlVU 
LIlUI 
LlllU 
UUU 
UUU 
LlllU 
LlllU 

e.• 
18.9 
e.t· 

•••'.f 
t.' 

31.8 
t.' 
t.' 
•••t.t 
t.'
'.''.'t.' 
t.' 
•••'.'t.t 
t.' 

31.8 
51'.4 

t.' 
•••

18.9 
37.8 
5'.7 
18.' 
18.9 
t.t

'.'75.'

'.' 

t 
1 
6

•t 
t 
2

•t
••••t
•••t 
f

•2 
21

•t 
1 
2 
3 
1 
1

•t 
4 
t 

e.0 6 
t.e . 0 

e.e e 
t.t •
••• •f.f t 

56.1 3 
e.' t 

18.9 1 
18.9 1 

132.3 1 
37.8 2 
t.' t 
t.t •t.' t 

'.' t 
18.9 1 
t.' t 

2f1.9 11 
I.e •••• •888.5 n 

18.9 1 
18.9 1 
31.8 2 
31.8 2 

189.' 1. 
18.9 1 
15.6 4 

••• f 
'.t I

'.' ., 
'.' t 

6.' 
t.t 

132.3 
18.9 
f.' 
f.' 
e.' 

56.7 
f.' 
t.' 

1172.' 

•••
113.4 
245.7 
359.2 
113.4 

'.'••• 
17'.1 

37 .8 
18.9 

'.'I.'
t.' 

5&.7 

•••
18.9 

17'.1 

•••
18.9 
31.8 
94.5 
5'.1 

••7 
1

••t 
3 
t 
t 

U

•6 
13 
19 
i 
t 
t 
9 
2 
1

•t 
t 
3

•1 
9 
t 
1 
2 
5 
3 

37 .8 
t.' 
t.f 
t.' 

18.9 
56.7 
t.' 

18.9 

•••
•••37.8 
t.t 
1.1 
t.' 

18.9 
31.8 

•••18.' 
•••
t.' 
'.t 

382.5 
t.t
•••

15.6 

'.'1111.9 

t.' 
'.t

'.'37.1

'.'•••• 

2 
e 
t 
t 
1 
3 
t 
1 
t 
f 
2

••t 
1 
2 
t 
1 
t 

"•
16

••4 
t 

53 
f 
t

•2
•t 



Date 
file 
Location 
fUe 
Yup.(CI lir 

Surface 
Bottol 

Sal.(pptl Sorface 
lottol 

Condo Surface 
Botto. 

D.O.(pPII Sorface 
Bottol 

Depth(futl 

5/ 1/92 
HS 

CUg 
nood 1 
14.'
15.'
14.' 
e.' 

' e.' 
I.e 
145 ,., 
'.2 

.5 TO U 

5/ 1192 
1.25 
CU8 

noed 1 
16 •• 
U.S 
15.5 

125 
125'..

l'.e 
46 fO n 

5/ 1/92 
1~5 

SlI1 
flood 2 
21.5 
15.' 
15.6 

125 
125 
9.6 
9.1 

29 f,O 3e 

5/ 1/92 
1235 
au 

need 2 
11.e 
17.5 

e.e 

225 

'.2 

1 fO 2 

11/12 ll. 11/12 II 11/12 1:1 n/12 11 

UIl!!ODl 
OLIGOCIUn 
nCIIUWIDU 
IAIDIDD 
!lC!BOIIIS LOILCIDI 
IAIS srr. 
PlUIUS rm:I 
SLIVIIA IPPllDICDtlfl 
UIIDII!II1ID fUBlrICID II 
UIIDIIY11I1D fUBIIICID .2 
lULOD1ILUS PIGUITI 
LIUODIILlJS S". 
LIUODIILUS UDEIIIIIIVS 
IAIAYUIIIl SFICIOSl 
SCOLICOLIPIDIS fIlIBIS 
BIYl1fIl 
PISIDIII sn. 
CLUOCIU 
COPIPOIl 
UPlnODl 
cunni POLIU 
POLTPIDILIJI SP'. 
CifPfOCIII~IOIOIS SPP. 
CiICOYOPIJSI OlflOCLUIIJS sr,. 
nOCUJIlI'S Sf'. 
ICfOPlocn 

LUIIi 
LaUD 
LUUI 
L!lID 

e.' 
18.9 
56.7 
'.t

'.'I.' 
•••t.' 
I.t 
e.• 
•••
t.' 
t.'
t.' 

321.4 

•••'.t
'.1
t.' 
••• 
•••

56.7 
t.' 
••• 
•••t.' 

•
1 
3 
t 

•••I 
t 
e 
e 
e 
e 
t 

17 
t

•t
•••3 
t

••• 

e.e 
132.3 
18.9 
18.9 
e.t 
I.' 
I.' 
e.1 
I.'

18.' 
I .• 
t.' 
I .• 
•••

113.4 
t.'
t.' 
•••I.' 

18.' 
I.' 

1941.1 
t.t

••••••
18.9 

•7 
1 
1 
e
•I 
e 
I 
1

••t 
t,
••••
1 
t 

1.3 
I 
t

•1 

56.7 
283.6 
e.' 

113.4 
623.8 
56.7 
18. , 

472.6 
'4.5 

5'''.2 
529.3 
56.7 

2U.5 
18.9 
18.9 
31.8 
37.8 

4128.' 
113.4 

•••359.2 
4896.1 
34'.3 
18.' 

541.2 

••• 

3 
15

•
6 

33 
3 
1 

25 
5 

268 
28 
3 

15 
1 
1 
2 
2 

229 
6

•19 
25' 
11 
1 

2'• 

•••'.'e.' 
••• 
•••
•••'.'•••'.'•••I.'

•••• 
•••••• 
••• 
••• 
••• 
••• 
••• 
•••'.'•••t.'
••• 
•••t.' 

•• 

•••••t
• 

•• 



DaU 51 119l 51 1/92 51 1192 51 1192 
Tile 1255 1315 IUt 14'5' 
Location IUS U5~ 1321 B22 
Tid!! llood 2 llood Slack Hood 2 lleed 1 
hip. (Cl lir 

Surfac!! 
18.5. 
15.5 

18.~ 

11.9 
U.S 
11.0 

2t.' 
11.' 

Bottol 
Sal.{pptl Sarface t.e I.e 

Bottol 0.3 
Condo Surhc~ US 129 12. 

Bottol 
D.O.(pPll Sarface 10.4 9.9 9.6 8.9 

Bottol 7.4 
Depth{feetl 1 fa 2 8 TO 1 fO 2 1 fO 2 

n/12 11 11/12 II 11/12 11 !i/12 II 

IIUfOD! 
OLIGOCUSU 

3.~ 

18.9 
e 
1 

•. 0 
3.0 

0 
t 

56.7 
132.3 

3 
1 

e.'
t.' 

•• 

e 
nCIlURUIDU 
CH!BfOGlSfBR DI!PH!IUS 
IUS BUIIIGI 
UIIDBlfI!IID TUBIF!CID .1 
UIIDllfI!IBD fUSI!ICID '2 
AULODRILUS PIGUETI 
COUPODA 
LnOIU SPP. 
CRYPfOCiIROIOHOUS SPP. 
Oll.fllOCLlUIIIU 

LnUI 
TonV!! 
URnl 

18.9 
t .• 
9.0 
1.1 

'.'18.9 
18.9 
e.' 

18.9 
t.' 

1

•0 
e 
e 
1 
1

•1 
t 

37.8 
..3 
e.' 
e.t 
t.' 
t.' 
t.t 
9.' 
t.'
'.' 

2 
t 
0 
e

•e 
f

•t 
t 

264.1 
1.3 
I.' 

529. ) 
1196.9 

3.3 
0.' 

132.3 
3.' 

18.9 

14 
3 
e 

28 
U

•t 
1 
t 
1 

18.9 1 
18.9 1 
18.9 1 
I.' •18.9 1 
I.' •'.t t 
t.' I 
t.t I 
e.' I 



DaU 
Tile 

51 1/92 
1525 

51 5192 
113e 

51 5/92 
1225 

51 sIn 
1318 

Locatio!l 5325 S319 CU1 CH5 
ride Ibb 1 Ibb 1 Ibb Slack flood 1 
hlp.(Cl lir 19.' 13.5 12.' 13 •• 

Suface 15.5 14.5 U.S 15.' 
Bottol 15.' U.S 14.5 14.5 

Sal. (pptl Surface 
DottOi 

COl1d. Surface 115 110 118 115 
BottOI 115 110 lU 115 

D.O.(pPII Surface 9.1 9.3 9.3 g•• 
Bottol 8.6 9.2 8.8 9.• 

Depth(feet) a 1'0 25 19 fO 2e U TO 5. n TO 4. 

11/12 11 11/12 11 11/12 11 11/12 II 

flJRULLUU 
IIHUODl 
OLIGOClUlfA 

291.9 
t.e 
e.' 

11 
e 
e 

'.e
e.0 

18.9 

9 

•1 

18828 •• 
283.6 

e.e 

996 
15, 

15.6 
e.e 
t.e 

4 
t 
t 

nCIIYUUIDlI 
IUS SU. 
IllS BlIIIIIGI 
IllS COKlllJlIS 
PllAJ1IS LITOllLIS 
PIGlJlfIILLl IlICHIG111ISIS 
UIIDllfIlIID fBIIllelD '1 
lJllDllfIlIID rUBIlICID 12 
lSOClI!ITIDIS lRIYI 
LIHIODIILUS HOllKlISfllI 
SCOLICOLIPIDIS iI1IDIS 
Uilr.VU 
Corno!)! 
GUWUS srp. 
ISOPOD! 
CUrlUl! POLUl 
CRIRIDOTI! !LITIA 
cnUOPOGOUDlI 
CIIIROIOIlIDU 
POUPlDILlJl SPP. 
C1YPTOCBIROIOKOUS SPP. 
ICTOPROen 

LllVU 
LliVU 
LARVU 
LlllU 

e.' 
•••e.' 
e.' 
••• 
•••94.5 

189.e 
t.' 

' •• 5 
37.8 
31.8 
18.9 
37.8 

•••
37.8 
t.t 

56.7 
t.' 

1228.1 
312.5 

••• 

e 
e
••e 
0 
5 

Ie 
e 
5 
2 
2 
1 
2 
e 
2

•3 
t 

65 
16 
t 

18.9 
56.1 
56.1 
18.9 
e.'
e.'
e.' 
e.' 
e.' 
e.' 
t.t 

9•• 5 
t.' 
t.t 
e.' 
•••
e.' 
e.' 
e.' 

31.8 
t.' 

18.9 

1 
3 
3 
1 
e 
e
••t 
e
•5 
e 
e
••t 
t

•2 
t 
1 

6748.6

•••e.'
e.' 

318.1 
lU5.3 

e.• 
189.' 

e.' 
e.' 

18.9 
t.' 
•••t.t 
t.e 
t.' 
t.e 
e.e 

56.1 
56.1 

••• 
••• 

351

•e 
t 

2t 
59 
e 

1. 
e 
0 
1

•e 
e 
e 
e 
t 
e 
3 
3

•• 

529.3 
e.' 
e.e 
e.e 
e.' 

•••e.' 
56.1 
56.1 
e.• 

37.8 
18.9 
t.' 
•••

171.1 
e.' 

18.9 
e.' 

18. , 
34e.3 

•••t.' 

28 
e
••••e 
3 
3 
e 
2 
1

••,
•1
•1 

18 
e
• 



lppudh: hble 1-1: (.c{H'Itilllled). 

Date 
fill! 
Lontioll 
'fide 
!np.le) lir 

Suface 
Bottol 

Sal.lppt) SQrface 
Bottol 

COlld. Surface 
Bottol 

D.O.(pPII SQrface 
Bottol 

Depth(het) 

51 5/92 
1325 
5115 

flood 1 
13.' 
15.' 
u.s 

12. 
121 
9.3 
'.5 

13 fO 14 

51 5/'2 
1355 
C3U 

Flood 2 
13.'
15.' 
14.5 

12' 
US 
8.6 
8.8 

U 'fa 45 

51 5/92 
lUI 
C3f' 

flood 1 
13.' 
15.' 
U.S 

125 
13t 
8.7 
8.9 

U 'fa n 

51 51'2 
1535 
C3U 

llood2 
13.'
15.'
15.' 

In 
at 
8.8 
8.9 

U TO 42 

!l/12 11 11/12 11 n/12 11 llfl2 II 

TURBILU.RU 
IIllU'ODl 
OLIGOCIlUn. 
nCUflUIDU 
IUS SPP. 
IUS BIRIIIGI 
IUS counu 
PUUlIS nICI 
nBIlICIDU 
UIIDIITllIBD rDBIlIClD '2 
LIOODULUS SPP. 
LIHIODRILUS BOllIl15!I!I 
tIHIODRILUS UDIlIII11D5 
potrelnu. 
lllltvlEIl SPIClOSl 
SCOLICOLIPIDIS '111015 
Brunu 
CLWOCIIlA 
COPIPODl 
GUWlJS SPP. 
cnnuu POLIn 
CRIIIDO!ll ILltRl 
cnUOPOGOIIDU 
ClUROIOIIIlU 
CLWOfllYfnSUS SPP. 
POLUIDILl1l SP!. 
C1YPfOCIIROIOIOUS SP'. 
11IOCr.!DIUS sn. 
DIIDI11Il11D 01;11151 
DIIDI111111D 01GlI1511 1 

LOVU 
LUUI 
unu 
Lnvn 
LUfU 
Lnvn 

321. 4 
75.6 

378.1 
I.' 

2173.' 
1551.1 

•••
2155.' 
312.5 
6U.' 

•••t.' 
'.1 
1.1 

'4.5 

••• 
11.' 
5&.7 

•••113.4 
194.' ,.. 
11.9 
t.t 

11.' 
215.1 
75.6 
11.',.. 
75.6 

17 
4 

2e 
t 

115 
82 

•114 
16 
32 
t

•••5
•1 
3

•6 
n 
t 
1

•1 
13 
4 
1

•4

e.t 

••• 
e.' 
t.' 
t.' 
'.t 
t.'
t.' 

18.9 
t.' 

37.8 
I.' 
•••t.' 

18.9 
18.9 
e.' 

18.9 
eo'•••t.' 
I.e 
t.' 
•••I.' 

453.7 
t.' 
••• 
•••I.' 

t 
e 

•
t

•I 
I 

•1
•2 
e 
t 
t 
1 
1 
I 
1 

•I 
t 
t 
e
•e 

24 
t

•e 
t 

I.' 
'.t 
e.e 

245.7 
t.' 

18.9 
I.t 
t .• 

•••
18.' 
I.' 
I.' 
t.1 

lB.9 

•••I.' 
e.' 
••• 
•••I.' 
•••

18.9 
I.' 

••• 
•••

15.6 
t.' 
•••

113.4 

••• 

•e 

•13

•1
••e 
1 
t 
e
•1 
e 
t 
I

•e
•t 
1 
I 
t 
e 
4 
I

•6 
I 

••• •
18.9 1 

••• •t .• t 
I.t I 
t.' t 

1474.5 78 
1.1 t 
e.' t 

16124.8 853 
t.' t 

29U.' 156 
4423.4 234 

I.' •I.' . •3!i!.2 19 
l7.8 2 
'.t •18.' 1 

56.1 3 
'4.5 5 ,.. •.., t 

132.3 7

••• •1115.3 !9 
132.3 7 .., t 

t.1 t 
I.' • 



Dau 
file 
Locatio! 
Tide 
hlp.(C) Air 

Surface 
Rottn 

Sil.(ppt) Surface 
Bottol 

Cocd. Sorface 
Bottol 

D.O.(pPI) Sorface 
Bottol 

Deptb(futl 

51 5192 
. 165t 

eU5 
Ebb 1 
13.'
15.' 
15.' 

161 
161 
9.3 
9.4 

U TO 58 

SI 5/'2 
1735 
1418 
Ebb 1 
ltt 
U.S 

155 

11.4 

1 fO 2 

51 5/92 
18•• 
SU8 
Ebb 1 
11.5 
15.' 
15.' 

16. 
. 16. 

1'.1 
9.5 

32 TO 33 

51 5"2 
183. 
1415 
Ebb 1 
11.1 
14.5 

155 

11.' 
1 TO 2 

n/12 l1 11/12 11 11/12 11 11/12 11 

flJRBlLLUI1 
UI1TODl 
OLIGOCKUU 
IUS S!P. 
IllS BlIIIIIGI 
IllS COlIIlJlIS 
IllS ILIIGUIS 
VIIDllTllIID fDBIIICID '1 
VIIDI.TIlIID TU1IlICID '2 
1'.1IIODII1'.US UUIIllIlIUS 
OUISTlDRI1'.US/SPIROSPllll SPP. 
BIilfDIIU 
SCOLICOLIPIDIS fIIIDIS 
COPIPODl 
COIOPIIUI SPf. 
Guwas aPr. 
IOIOCVLODIS IDlllDSl 
ISOPODA 
CUflUU POLIn 
CIIIIDOflA ALlYIl 
rUUUSIII 
CLlDO!lIt!lISUS SPP. 
POLynDILUI sn. 
ICTOPllOCn 
VIIDllfIlIID 0lG11IS1 

LUiU 
LUiU 
LAnu 

e.' 
•••I.' 

245.7 

•••I.'
e.' 
t.' 

18.9 
t.'•••

18.9 
94.5 
t.'
I.' 

31.8 

•••I.'
18.' 
•••
I.' 
t.' 

412.6 .... ,.. 

t

••13

•I 
I 
I 
1 
t 
e 
1 
5

••2 
t 
t 
1 
t 
I 
t 

25 
t 
t 

18.9 
189.' 
661.6 

•••
t.' 
e.' 
•••

2173.9 
e.' 

756.1 

•••t.t 

•••t.' 
'.1 

••••
1.1 
I.' 

18.9

•••e.e 
3~1.3

••• 
••• 
••• 

1 
tl 
35

•t
••115 
I 

41

•t 
I 
I 
I 
I 
I 
I 
1 
t 
t 

18 
t 
I 
t 

•••18.9 
18.9

•••245.7 
94.5 
37.8 
e.e 
I.'
e.' 
•••
I.' 

37.8 
t .• 

37.8 
226.8 

•••t.' 
56.7 
t.' 

37.8 ,.. 
318.1 

I.t 
••• 

•
1 
1

•13 
5 
2

•••••2 
I 
2 

12 
t

•
3 
e 
2 
I 

2. 
t 
t 

••• • 
••• t 

••• • 
••• t 
I.' •e.' •e.' t 

••• e 
37.8 2 
I.' •18.9 1 
t.' •18.' 1 

287.' 11 
t.1 I 

412.6 25 
31.8 2 
18.9 1 
t.t t 

15.6 ~ 

••• t 
t.' •

18.9 1 
18.9 1 
18.' 1 



Appendix fable 1-1: (cQl:ltinud). 

DaU 5/11192 S/U/92 5/11/92 5/11/92 
file US 9•• 945 1.15 
Loeatiol1 ISH ISU ISH ISH 
fide Ib~ 1 Ibb 1 Ibb 1 Ibb l' 
hlp.IC) lir 

Suface 
16.'
16.' 

17 .f 
15.5 

18.' 
16.i 

U.S 
15.5 

RottOi 
Sal. (ppt) Surface 

Bottol 
Cond. Surface 

••• 
9. 

e.• 

850 

e.• 

200 

i.' 

2•• 
Bottol 

D.O.lpPII Surface '.5 '.6 9.3 1•. 4 
Bottol 

Depth(feetl 1 fO 2 1 fO 1 fO 2 1 TO 2 

11/12 11 0/12 n 11/12 11 11/12 11 

UlllfODl 
OLIGOCIlUU 

'.0 
0.0 

0 
0 

0.0 
56.7 

0 
3 

0.0 
•. 6 •0 

132.3 
e.e 

7 
t 

nCHYfilUIDU 
I!IS COIUUIIIS 
UIIO!lrr!IID rUBIlICID 11 
UIIDKlfIlIID rUBIlICID '2 

434.8 
0.0 
0.' 
'.e 

23 
0 
0 
e 

37.8 
i.' 
0.e 

56·7 

2 
i 
0 
3 

18.9 
37.8 
e.i 

18. , 

1 
2

•1 

94.5 
e.• 

661. 6 
U1.2 

5

•35 
8 

USIi snCIOSUS 
SCOLICOLIPIDKS VIRIDIS 
coupon 

e.'
i.' 
e.' 

(f

•0 

0.0 

•••e.' 

I 
0 
0 

1.0 
I.' 

226.8 

0 
e 

12 

264.7 
18.9 
e.' 

14 
1 
0 

G!l!.H!RUS SPP. 
fIPULIDU 
POLYPBDILUI SPP. 
CRYPfOCILIROIOKOUS SPP. 
SIlUrIA SPP. 

UU!! 
LARVU 
LUVU 
URUI 

1.0 
I.'
t.'
I.'
I.' 

I 
I 
I

•• 

I .• 
I.' 
0.0 

18.9 
t.' 

0 
I 
0 
1 
I 

18.9 
1.0 

37.8 
1.1 

18.9 

1 
0 
2 
I 
1 

1.1 
18.9 

171.1 
I.'
I.' 

e 
1 
9 
t 
t 



Appendix fable 1-1: (eoDtiBQedl. 

hte 
file 
LoeatioB 
fide 
hlp.ICI !ir 

Sorhee 
Bottol 

Sal.(pptl Surface 
Bottol 

Condo Sortiee 
Bottol 

D.O.(pPI) Surface 
Bottol 

Depthlfeet) 

5/11192 
liU 
I562 
Ebb 1 
U.S 
15.5 

'.1 

15. 

11.4 

1 fO 2 

5/11/92 
114. 
SU9 
Ibb 1 
20.0 
15.' 
15.5 
'.1 
0.0 
161 . 

160 
a.4 
9.2 

29 fO 3. 

5/11/92 
12U 
CUt 
Ibb 2 
19.5 
15.' 
15.5 
I.' 
0.' 
U. 

155 
9.' 
a.8 

4.4 fO U 

5/11/92 
1325 
5558 
Ibb 2 
22 .• 
15.5 
15.5 

••• 
•••
168 

17' 
a.6 
a.5 

25 fO 26 

n/12 11 n/12 n n/12 !1 D/12 fl 

UnfOD! 
nCIlYfUIIDU 
CHAlfOG!Sfll DIAPHllUS 
IUS SPP. 
IUS BUIIIGI· 
IlIS BUfSCBIRI 
IUS COIIUUS 
UIS nUUILIS 
PARUlIS IUCI 
PARAIIIS LIfORALIS 
fUBIlICIDU 
UIIDllfIlIID flBllICID tl 

. UUnKIUlIlD flJBIlICID t2 
LIIIODIItlS BOll!lISflRI 
CYStOBlllCIlUS SfP. 
POLYClIUfl 
SCOLICOLIPIDIS VIRIDIS 
'LUUPII SPl. 
COlOPBIlJI SP'. 
GlInllJS SPl. 
IOIOCULODIS BDlllDSI 
eUflUIl POLIU 
C1SSIDISCl LnlIrlOIS 
CeUOIOIIIlU 
POUUDILUI SPl. 
ClfPfOClII10IOIOUS SfP. 
ICfOnOCfl 
«IIDElfIIIID 01G1I151 
UlIDUUnlIl OlGlIISI 1 

LUYU 
LUUI 
LUlU 

1.1 
'.1
i.'..''.''.'i.'
'.'••• 
I.' 
i.' 
i.' 

•••'.'•••'.'••• 
•••'.1 
••• 
••• 
•••I.' 
i.' 

·18.9 
'.t 
•• i 
I.'
'.1 

e 
i

••I
•e
•t 
I 
I 
I 
e 
t

•t
•t 
t

•i 
I

•I 
1

•I 
t 
I 

18.9 
0.0 
0.• 

94.5 
567 .1 

'.0 
378.1 

e.e 
189 •• 

2249.5 
94.5 

189. I 
189.' 
283.6 
18.' 
18. , 

794.' 
18.9 

794.' 
3611.6 

t.t 
359.2 
15.6 

113.4 
2173. , 

I.' 
18.' 
18. , 

e.' 

1 
0 
I 
5 

3i

•2. 
I 

1. 
In 

5 
II 
II 
15 
1 
1 

U 
1 

U 
191 

I 
19 
4 
6 

US 
I 
1 
1 

• 

0.• 
18.9 
1.3 
0.0 
i.1 
i.'
'.''..'.'18.9 
e.e 

37.8 
434.8 
189.' 

i.i 
'.i 

1436.1 
i.' 
i.' 

151.2 

'.'i.' 
'.i 

31.8 
529.3 

'.''.''.'151. 2 

i 
1

•••I
•••
1

•2 
23

l'•e 
76

••8 
f

•t 
2 

28 
I 
t 
t 
8 

i.' 
18.9 
18.9 

'.''.'18.9 
I.' 

18.9 

•••18.9 
i.' 
I.'

18.' 
••• 
•••'.'37.8 
i.' 
n.' 

113.4 
18.'
'.''.'•••'.'18.' 
'.i 
••• 
••• 

t 
1 
1 
I 
e 
1 
I 
1

•
1

•i 
1

•t 
t 
2

•
1 
6 
1 
f 
f 
I

•1 

" t 
f 



Date " 5/111'2 5/11/92 5/11/92 5/12/92 
file 142'" 1615 16U 1125 
Location 1:555 S548 S536 C553 
Tide Ebb 2 !bb Slack flood 1 Ibb 1 
fup.lel lit 21.5· 19.5 2'.' 11.' 

Surface 15. 5 11.' 15.' 15.5 
Bottol 15.5 16.' tS.' 15.' 

Sal.(pptl Sarface '.e I.' ••• •••Bottol ••• ••• ••• •••Condo Sarfaee 16. lS0 1St 175 
Bottol lS. 17. 175 lSe 

O.C.(pPM) Sarface 9.1 10.' 9.6 9.1 
Bottol 8.1 8.7 9.4 8.8 

Oepthlfeet) 44 fO U 17 fO 18 11 fO 12 U fO 5. 

11/12 11 11/12 11 11/12 11 1'1/12 11 

TURBlLLUU I .• e e.0 e 18.9 1 I.' t 
OtIGOCIIUU t.t t.' 56.7 3 t.e • • • 
JAIDInU 37.8 e.• t e.' 2 • • ••• ARCTIOllIS LOKOIDI 18.9 1 II.' •••'.' • • PARlilIS LITORILIS 31.8 2 56.7 e.' e 3 e.' t 
aliDIiTIlUD ftlBIlIeID. U 18.9 1 2t1.9 11 642.1 34 '.1 I 
UIIOllTllIID fUBIlICID .2 56.7 3 189.' 1. 964.1 51 I.' •LIUODlULUS SPP. 37 .8 2 ,.. '.t I • ••• • LIIIODIILOS BOl!III!!I!I 321.4 17 518.4 27 731.2 3' I.' •LIIIOORILOS ODIIIII1I15 I.' 8 18.9 1 I.' ••• • •SCOtlCOLIPIOIS VIRIDIS 453.7 24 415.9 22 1153.1 61 ' ..1 •Bluun 37.8 2 I '.' • ••• • ••• UIGU CUUUA I I.e 18.9 1 1.1 e ••• • COPUODA 37.8 2 ••• • ••• • ••• • COROPllIUK sn. t.' . 18.9 1 '.1 t ••• • • C010PBIUI LACUS!!I 56.1 3 18.9 1 I.' I I.' • G1IKARlIS SPf. 189.' 281.9 11 561.1 3. 56.1 3I' 
1010CULODIS IDI1IDSl 31.1 2 18.' 1 I ••• •'.' CUfiOU POLIn t 37.8 2 t t••• •••'.' eRIIIDO!I! lLltlA 1 18.9 e 18.' t 1 t.'•••CR!iOIOUDU LlIl'lU t t 37.8 2 e'.. •••'.' POL!UDUIII SP'. LU'lU 18.9 1 18.9 1 3'2.5 16 '.' . •C1YPfOCII10IOIOUS srp. LU'U 211.9 11 15.' 4 t•••'.' •• PROCLlDItlS SPP. LARiU 18.9 1 '.e t 1.1 t• '.' 



IPPel1diI hble 1-1: (eolltil1l1ed I. 

Date 
fiu 

5/12/92 
121t 

5/12192 
1228 

5/12192 
1255 

5/12192 
1325 

Location C549 C548 5528 C519 
fide 
fnp.(CI Air 

Ebb 1 
.21.' 

Ebb 1 
22.' 

!bb 1 
26.' 

Ebb 2 
U.S 

Surface 15.5 15.5 15.5 15.5 
Bottol 15.5 15.5 15.5 15.5 

Sal.(pptl Surface 
Bottol

i.' 
e.' 

e.' 
e.e 

e.e 
e.' 

e.e 
eJ 

COl1d. Surface 295 215 44' 910 
Bottol 215 205 580 aSI 

D.O.(pPII Surface 8.2 a.2 9.1 9.1 
Bottol 8.4 8.4 9.' a.a 

Deptb! feetl U 1'0 51 U 1'0 5. 24 fO 25 U fO 50 

11/1.2 11 11/12 11 11/12 11 11/12 11 

nRBULA!U 397.' 21 I.' 0 18.9 e.' . e 
UIlAfODl e.' e 18.9 1 e.e e 18.9 1 
OLIGOCBUU 
nCBuaUIDU 
CBUfOGlSflR DIlPIAIUS 
IUS SPP. 
UIIDllfIlI!D fUBIlICID t2 

i.e 
321.4 

e.' 
37.8 
18.9 

e 
17 
e 
2 
1 

e.e 
e.' 
e.'
e.i 

18.9 

e 
e 
e
•1 

37.8 
e.' 
e.e 
t.' 

359.2 

2 
e
•e 

19 

0.' 
e.e 

56.7 
'.t 

18.9 

0 
e 
3 
t 
1 

LIlllODiILUS BOlrUEIS!!!! t.' t 18.9 1 t.t e e.t e 
PISCICOLA PUICrl!l 
SCOLICOLBPIDIS VIIIDIS 
BIULVIA 
CLlDOCUl 
COROPBIUH Llcusrll 
GumUS SfP. 
KOIOCULODIS EDWARDS! 
CBIRIDOTXl lLlllA 
POLYPEDILUI SPf. 
CRy,rOCBIROIOIOUS SP'. 

unA! 
LARVA! 

18.' 
17.1. 3 

t.' 
6691.9 

18.9 
217.'

•••
f.' 

15.'

••• 

1 
90 
e 

354 
1 

11 
I 
f 
4 
t 

t.e 
2249.5 

e.' 
t.t 
t.t 

9•• 5 
37.8 
13.9 
t.' 
t.' 

e 
119 

e 
e 
e 
5 
2 
1 
t 
t 

•••
6'4.9 
18.9 
t.' 
t.' 

31.8 
18.9 
I.t 

. 75.6 
18.9 

e 
32 
1 
0 
t 
2 
1 
I 

•1 

t.t 
t.' 
e.' 
e.' 
e.• 

37.8 

•••t.' 
37.S 
t.' 

e 
e 
e 
e
•2
••2 
I 



Date ~/12/', 8/12/9, 8/12192 8/12192 
fiu 1355 l'S' 113. 122' 
Locatiol1 S514 S3U CBS 1334 ' 
Tide Ebb 2 llood 1 nood 1 nod 1 
Tnp.(CI Air 21.' 22.5 29.' 27.' 

Sarhce 1'5.5 26.' 25.5 25.5 

Sal.(~ptl 

801'.1'.01 
Sarface 

lb.' 
1., 

25.5.., 25.1 
e.t e.' 

Bottol 0.0 e.e e.e e.0 
tOl1d. Sarhce 185 1ge 19. 

BottOi 185 190 
D.O.(pPII Sarface 9.0 5.9 5.8 6.1 

Bottol 9.2 6.1 6.1 
Depth(futl 19 fO 2e 21 fO 22 U TO 41 1 fO 2 

llil2 II 11/12 II 11/12 11 11/12 11 

BYDlUDU e.1 e e.0 0 18.9 1 3.e e 
nRBBLLUU 18.9 1 0.e 0 e.' e 0.e 0 
nuuIA 94.5 5 0.0 ' e 0.0 t 0.3 0 
UllfODl e.0 0 e.e e e.e 0 113.4 6 
OLIGOClUlfl 0.0 0 e.e e I.t e 37. 8 2 
nClLnUlIDU 
UIIDllflrIID TVBIIICID .2 
UBIDBBflrIID fUBlrICID t3 
ISOCBUfIDIS lllYI 
L1IIODIILUS BOl!!IISTIRI 

e.e 
e.' 

5973. 5 
'.0 
e.0 

0 
e 

316 
0, 

e.' 
~n7.8 ,.. 
926.3 
75.6 

0 
303 

0 
U 
4 

2117.2 
37.8 
I.' 
e.3 
e.e 

H2 
2

•0 
I 

e.' 
e.• 
e.e 
e.3 
e.e 

I 
t

•,, 
QUISUDRILllS/SPUOSPUU SPP. 
SCOLBCOLBPIDIS VIRIDIS 

e.' 
548.2 

e 
29 

e.e 
e.t 

0 
e 

18.9 
I.e 

1 
I 

0.e 
e.e 

0 
e 

BIV1UU 
CORBICTJLl FUKUI! 
RUGU cnun 
COPEPODA 
G!I!D.lUJS Sf'. 
HOIOCULODIS IDIARDSI 

, CY1TRURl POLITI 
CHIRIDOfl! ALIYll 
HIIlIPflU 
CL&DotllYflRSUS SPP. 
POLfPlDILUIl SPP. 
CRYPfOCRIROIOIOUS SPP. 
CRICOfOPUSI 0lfHOCL1DIUS SPP. 
PROCUllITJS SPP. 
UIIDIlfIFI1BLI ORGlIIS! 

L1IlU 
LAUU 

'unu 
L1IlU 
L1IV1I 

18.9 

•••31.8 
56.1 

264.1 
415.9 

•••132.3 
t.'
I.e 

31.8 
e.'
@.i 
••• 
••• 

1 
t 
2 
3 

14 
22

•7' 
e
•2
•••
t 

18.9 ' 
e.'
e.' 
•••118.3 
'.t 

18.9
e.' 
0.' 
i.' 

926.3 
0.' 

•••
t.' 
'.0 

1 
e
••

38 
t 
1 
e
••U 
I 
t 
I 
t 

e.@ 
t.' 
e.' 
•••

2U5.3 
e.' 

18.9 
@.• 
••• 
•••8U.6 

75.6 
'.e 
e.' 
••• 

I 
t 
t

•132 
t 
1

•e 
e 

46 
4

•I 
t 

18.9 
56.7 
e.'
••• 
••• 
•••

18.9

•••
18.9 

226.8 
15.6 
e.' 

15.6 
56.1 
37.8 

1 
3 
t

•t
•
1 
e 
1 

12 
4

•4 
3 
2 



Date 8/12"2 8/12192 8/12/92 8/12/92 
file 12i5 1300 1315 1330 
Location 1335 13i. UU H43 
fide nood 1 Flood 2 Flood 2 llood 2 
hip. (CI . Air 2.6 .• 25.5 26.5 26.5 

Sarface 25.' 26.0 26.' 26.5 
Bottol 

Sal.(pptl Surface e.' 0.' 0.0 '.3 
Bottol 0.0 0.0 

COl1d. Surface 190 195 200 195 
Bottol 

D.O.(pPI) Surface 6.6 8.4 8.0 8.6 
Bottol 

Depth(feetl 1 fO 2 1 fO 2 1 fO 2 1 fO 2 

n/12 11 11/12 11 11/12 II 11/12 11 

fURBlLLlRIl 
UIlUODA 
nCIiYrUl1DU 
UIDIDU 
IUS COIIUIIS 
IUS VlIIUILIS 
UIIDllfIlIID fUBIIICID 11 
UIIDllfIlIID fUBIIlCID '2 
L1IlIODRILUS BOlIIllSf!!I 
LIlllOOiILUS UDlllKIlIUS 
BIV1UU 
CORB1CUL1 lLUIII11 
lunOPODl 
CUDOCIU 
COPIPODl 
GUmBS SPP. 
CYUII1lU POLIU 
DlnlU 
unuaun 
CLADOfllYflRSUS ~PP. 

KICROPSICfRl SF'. 
DICROfllDIPIS SF'. 
POLYUDILUI SPP. 
CRY'fOCDIROIOIOUS SF'. 
OUBOCUlHIID 
CIICOfOPUSI OlfBOCLlDIUS S". 
ICfOPlocn 
UIIDllfllIID 0lG11ISI1 

LAUD 
UUD 
L1nD 
LlRiD 
LAUD 
LIUD 
LAUD 
LlRUI 
unu 

0.6 
e.'
e.' 
e.'
e.' 
•••e.t 

18.9 
18.9 
0.9 

75.6 
132.3 

e.t 
e.' 
•••t.' 
t.' 
••• 
••• 
•••e.' 
t.' 

18.9 

•••
'.t 
'.t 
•••e.' 

I 
e 
I 
e 
•e
•1 
1 
e 
4 
7 
e 
e 
••t 
t 

••e 
e 
1 
t

•t 
t

• 

e.9 
e.e 

56.1 
e.' 
0.' 
e.0 
e.' 

18.9 
'.0 
e.' 

113.4 
151. 2 

t.e 
e.' 
•••56.1 
e.' 
t.' 
t.'
e.' 
e.• 
t.'

18.r 
t.t 
'.t
t.' 
t.' 
t.' 

••3
•e 
e 
e 
1 
e 
0 
6 
8

•I 
e 
3

•t
•e
•t 
1

••••• 

e.' 
264.7 
264.1 

e.' 
•••1112.1 

293'.1 
194.' 

e.' 
529.3 
207.9 
18. 9 
e.e 

18.9 
18.9 

642.1 
18.9 
18.' 
t.' 

283.6 
312.5 
283.6 

2646.5 
aU.5 
312.5 

2352. , 

•••18. , 

•14 
14

•e 
40a 
155 
42 
e 

28 
11 
1 

•1 
1 

34 
1 
1

•15 
16 
15 

UI 
41 
16 

125 
I . 
1 

18.9 
31.8 •4 

0.e •18.9 1 
118.1 9 

0.' •18.9 1 
75.6 4 
e.' •e.e •113.4 , 

171.1 , 
18.9 1 

••• •18.9 1 
e.' •·18.' 1 

••• •37.8 2 

••• •31.8 2 
56.7 3 

321. 4 11 
113.4 , 

••• t 

••• I 
18.9 1 

••• • 



Date 
file 
Location 
fide 
fnp.(CI HI' 

Sllrface 
Bottol 

Sal.(pptl Sllrface 
Bottol 

Condo Snrface 
Bottol 

D.O.(pPII Surface 
Bottol 

Depth(feetl 

8112192 
14'
un 

Hood 2 
11.'" 
22.5 

•••
t.' 
US 

S., 

1 TO 2 

81121n 
1425 
1216 

flood 2 
26 •• 
26.5 

t.' 
•••18. 

7.5 

1 TO 2 

8/12/92 
US. 
1218 

llood 2 
21.' 
26.' 

•. t 

185 

7.7 

1 fO 2 

8/12/'2 
1515 
U31 

!lod 2 
26.' 
H.5 

••• 
19. 

6.7 

1 fO 2 

11/12 11 !l/12 11 11/12 11 n/12 n 

ftlRBlLLUU. 
IIllUODA 
nCHYnUIOU 
IAIDInAE 
IlIS VUIUI1,IS 
PU!IAIS LlfORALIS 
PRISTIIl sn. 
trIIOllfIlI!D fUBIlICID 12 
HUIll snCIOSllS 
LUIODRILUS BonllBISfUI 
LIIlIODRILUS UDBIIIlI!IUS 
srnuu. 
CORBICUL! fLUllIII! 
1,1.70»011 IIIDTl 
CUflUU POLIn 
CIUfOPOGOIIDU 
CLlDOfAlYTAISUS SPP. 
POLYPBDILUI SP'. 
CRYPfOCHI10IOllOUS SPP. 
CRICOfOPUSI ORfBOCLlDIUS SPP. 

LAUU 
LlUU 
LUlU 
LAUD 
LAUD 

18.' 
I.' 

132.3 
e.'
I.' 
••• 
••• 
•••t.'
I.' 
••• 
I.' 

18.' 
18.9 

•••
t.' 
'.t 

37.1 
t.' 
t.t 

1 
e 
7

•e 
e 
e
•e
•I
•
1 
1

•t
•2
•t 

I.' 
623. 8 

359.2 
392.5 
ii61.6 

9•• 5 
1228.7 
245.7 
56.7 
56.7

•••113.4 
I.' 
••• 
t" 

31.8 
567.1 
34'.3 
34'.3 
113. « 

e 
)j 

19 
16 
35 
5 

65 
13 
3 
3

•6 
I 
I 

•2 
3. 
18 
18, 

0.' 
37.8 

0.e 
1.1 
e.1 
I.'
I.' 

56.7 
'.1 
I.' 

18.9 
737.2 
In.9 

t.t 
18.9 

In.• 
34U.4 
2268.4 
4U.8 

'.' 

e 
2 

•t 
e
••3
••1 

3' 
11 
t 
1 
6 

181 
12. 

23 
f 

e.' 
t .• 

18.9 
t.' 
t.' 
t.' 
e.' 

56.1 

e.'
18.'
e.' 
•••

18.9 
t.'
t.' 

18.9 
I.'
t.'
t.' 
t.t 

e 
I 

1 
e 
t 
t 
0 
3 
I 
1 
I 
I 
1 
t 
t 
1

•t 
•t 



!ppendil fable 1-1: (continued). 

Date 
file 
Loeatioll. 
fide 
hlp.{Cl lir 

Sarface 
Bottol 

Sal.{ppt) Sarface 
BottOI 

Condo Surface 
Bottol 

D.O.(pPI) Surface 
Bottol 

Depth(feetl 

8/12/92 
1535 
1233 

lload Slack 
26.5 
25.5 

e.• 

185 

6.1 

1 fO 2 

8/12192 
1640 
C212 
Ibb 1 
38.' 
26.' 
24.5 

•••
0.0 
190 

18e 
7.7 
7.4 

24 fO 25 

8112/'2 
ne. 
S272 

' Ibb 1 
30.' 
26.' 
24.5 

•••
0.0 
190 

18. 
7.7 
7.4 

19 fO 2. 

8/12/H 
1715 
CHe 
ibb 1 
29.5 
28.' 
25.'

•••
0.' 
205 

ue 
7.2 
7.2 

26 fO 27 

11/12, 11 11/12 11 11/12 11 n/12 n 

lunOD! 
!RCfIOllIS LO~OIDI 

IlIS couuns 
SPEC!!Il JOSIIAI 
UIIDllfIlI!D !DBlfICID .1 
UIIDlifI1IID !DBllICID .2 
lULODRILUS PIGUS!I 
LIKIODRILUS HOffMEISTERI 
gUISflDRILUS/SPIROSPIRI! SPP. 
BIVALVIA 
GUllUUS sn. 
P20CLlDIllS sn. LUfU 

I.e 
I.'
e.'
I.' 
'.f 
••• 
••• 
••• 
••• 
•••I.'
••• 

0

•e 
e
•e
••e
•e
• 

0.8 
'.0
I.' 

75.6 
529.3 

1682.4 
e.' 

548.2 
226.8 
37.8 
18.9 

217.9 

•e
•4 

28 
U

•29 
12 
2 
1 

11 

18.9 
132.3 
132. 3 

37 .8 
178.1 
378.1 
37.8 

•••
56.7 
i.' 
'.e 

18.9 

1 
7 
7 
2 
9 

21 
2

•3
•e 
1 

e.e 
37.8 

•••e.e 
37.8 

642.7 
8.e 

378.1 
113.4 

e.1 
e.e 
e.' 

e 
2 
e 
e 
2 

34 
I 

2e 
6

• e 
e 



!pp~ndiI fabl. A-I: (continuld). 

Da.te a/12192 8/13/92 8/13/92 8/13192 
Tile 1U5 1045 1111 1211 
Location C2U 1:241 S23' S229 
Tide Ebb 2 Ebb Slack Ebb Slack flood· 1 
fnp. (el &ir 

Surface 
25.' 
26.0 

25.5 
26.' 

H.I 
2S.t 

25.1 
25.0 

Bottol 26.' 26.0 25.5 25.0 
Sal.{pptl Surface 

Bottol 
'.0 
0.0 

I.a 
0.0 

I.e 
t.0 

0.' 
I.e 

Condo Surface 190 195 195 185 
Bottol lH 195 US 185 

D.O.{PPII Surface 
Bottol 

6.4 
6.7 

6.0 
6.1 

6.e 
6.2 

5.9 
6.0 

. Depth(feetl U fO 42 UfO U 11 fO 11 14 fO 15 

n/12 n 11/12 n 11/12 11 11/12 11 

I!IIAfOD! 
OLIGOCBUn 
nCHYrUIIOU 
UIIDllfIFIID fUBIFICIO .1 

'.0 
e.e 

18-.9 
151.2 

•e 
1 
8 

18.9 
0.e 
0.0 
e.e 

1

•0 
e 

e.I 
e.' 
•••

226.8 

I 
e 
e 

12 

56.7 
132.3 

t.e 
18.9 

l 

e 
1 

UIIDIITIFIID fUB1l1C1D '2 415.9 22 94.5 5 2325 .1 123 321. 4 17 
1ULOORILU5 P1GUlf! 
1SOCH!lfIDIS IRIYI 

0.e 
e.e 

I 
e 

0.0 
0.0 

e 
0 

75.6 
151. 2 

4 
a 

e.e 
e.e 

i, 
L1IIIODIILU5 HOF!llIISfIRI 
L1IIIODR1LU5 UDIIIIIIAIUS 
QUISfADRILU5/SPIROSPIRH! SfP. 
Blnuu 
CORBICULA lLUKIll1 
COPBPODl 

le77.5 
I.e 

37.8 
132.3 
. t.' 
e.' 

57 

•2 
1 
e 
e 

321.4 
151. 2 

e.t 
56.1 
0.' 
t.t 

17 
8 
e 
3

•t 

1e2t.8 
245.7 

t.' 
_ 18.9 

75.6 
e.t 

54 
13 
e 
1 
4 
t 

18.9 1 
'.t 8 
I.t i ... - • 

' •• 5 S 
18.9 1 

G!H!UUS SPP. 
CU'I.'ItlU POLITA 
CBUfOPOGOlIllll 
CHIROIOll!DU 
CLADOf!ltfUStlS SPf. 
IlICROPSICfRl SPP. 
POLYPBDILUIl SPP. 
CRICOfOPtlSI ORfHOCL1DIUS SPP. 
PROCUDIUS SfP. 
tllIDllfllIED ORGAIIS! 1 

LAUlI 
LlUU 
LU'U 
LUUI 
LARVU 
LIRnl 
tunl 

189.' 

•••I.' 
18. , 

t.'••• 
•••••• 
I.' 
t.' 

1t 
e
•1 
t

•t 
I 
I 
e 

' •• 5 
•••

18.9 
t.' 

56.7 
I.' 

18.9 
18.9 
18.9 
18.9 

5 
-. 

1 
t 
3 
t 
1 
1 
1 
1 

15.6 
31.8 
I.' 
e.' 
t.1 

•••151. 2 
'.e 

•••18.' 

4 
2 
I 
t 
I 
t 
8

••1 

18.9 1 
37.8
I.' - 8 
I.' f 

••• 8 
189.' 18 

56.7 3 
t.' a 
••• 8 

56.7 3 



Date 8113192 8117192 8117192 8111192 
!ile ' 1245 le38 1115 114e 
Location S227 S324 5318 C3U 
fid@ flood 1 Ibb 2 Ibb 2 Ebb 2 
'fnp. {C} Air 

Surface 
BottOI 

' 25.' 
25 •• 
25.e 

22.0 
23.3 
23.0 

22.' 
23.' 
23.e 

22.. 
23.5 
23.5 

Sal.(pptl Surface 
Bottol 

0.0 
e.' 

~.0 

0.0 
0.0 
e.' 

0.e 
e.e 

COlld. Surface 185 195 1ge 185 
Bottol 185 195 19. 185 

D.O.(pPI} Surface 5.8 5.• 5.1 5.2 
1I0ttoi S.8 S.4 5.2 5.1 

Deptn(hetl 9 fO 11 11 fO 12 19 fO 2. 39 fO .8 

11112 Il 11112 11 11112 11 11/12 II 

U!!UU 
UItUODA 
nCIIURUIDU 
IUDIDU 
IAIS COIHliIIS 
PARllAIS LlfORlLIS 
PIGUlfIBLLI ItICILIG111ISIS 
nISUlA sn. 
sPlcnu JOSIIU 
UIIDBlfIlI!D fUBIFICID '1 

18.9 
Ut 
0.0 
0.' 
0.' 
e.' 
t.' 
e.' 

4347 .8 
283.6 

1

•••0 
e 
e
•231 

15 

0.0 
18.9 
0.3 
e.e 

37.8 
e.' 
0.' 
e.0 
0.0 

283.6 

9 
,1 
0 
e 
2 
e 
t 
e 
e 

15 

'.0 
e.0 

113.4 
18.9 
e.e 

18.9 
lU.e 
18.9 
t.' 
t.e 

0 
a 
6 
1 
e 
1 

10 
1

•3 

e.' 
e.e 

341.3 
18.9 
e.e 
e.e 
I.e 
'.t 
e.e 

56.7 

•I 
18 
1 
9 
e 
I 
t 
e 
3 

UIIDBlfIFI!D fUBIlICID .2 
AULODRILas PIGUlfI 
LIHIODIILUS HOfFIEISfllI 

a695.7 
e.' 

2618.7 

46t

•138 

19t1. 9 
e.• 

'31.8 

53

•2 

318.1 
18.9 
31.8 

21 
1 
2 

8n.6 
t.' 

18.' 

46 

•1 
LIIIODRILUS UDIIIIIIIIS 
PWlCIUn. 
SCOLBCOLIPIDIS VIRIDIS 

e.' 
t.' 
e.' 

e 
I 
t 

31.8 
I.' 
•• t 

2

•t 
t .• 

37.8 
18.9 

I 
2 
1 

e.' 
e.e 
t.t 

t 
t 
I 

BIULfU 
CORBICULl lLDIIII! 
GUWUS SPP. 

151.2 
151.% 
18.' 

8 
8 
1 

•••31.8 
794.' 

t 
2 

U 

••• 
•••

1285.4 

t

•68 

t.'
I.e 

264.7 

e
•

14 
curuuu POLIf! 
CHIRIDOfl! !LltRl 
CLADOfllYTAlSUS SPP. 
f8J!TUSlfS SPP. 
CHIIOIOIIIl 

LUtU 
LUUI 
LUfU 

113.4 
t.1 

•••
e.'
i.' 

6 
I 
e 
•t 

2159.9 
e.' 
I.' 

1134.2 
t.' 

146

•t 
6. 
t 

1'11.' 

••• 
••• 
•••

17'.1 

53 
t 

o'I, 

I .• 
56.7 
56.7 
1.1 
I.' 

e 
3 
3 
e 
t 

POJifPlDILlI'l SP'. 
CRYPTOCBIROIOIOUS SPP. 
fAlnOllIlA! 
BCTOPlocn 
lJlIDllfIlUD ,ORGIIISI 1 

LUfU 
LUfU 
tUUI 

245.1 
245.7 

'.e 
t.t 

56.7 

13 
13

•I 
3. 

245.1 
341.3 
132.3 
18.9 
94.5 

13 
18 
1 
1 
5 

2816.6 
245.7 

t.' 
e.• 
1.1 

lU 
13 
I 
t 
I 

1219.8

•••e.'
t.'
e.' 

54 
e 
t

•• 



Appendix Table &-1: (contiDmedj. 

Date 8111 192 8/17/92 8/17192 8/111'2 
file 1155 1225 1315 1335 
Loeatioll C3U S3l5 5385 C3U 
fide 
Yelp. lei lir 

Ebb 2 
22.' 

flood 1 
22.5 

flood 1 
22.5 

Flood 1
23." . 

Suhce 23.5 23.5 23.5 24.' 
Bottol 

Sal.lpptl Snrface 
Bottol 

Condo Suhee 

23.5 
'.8 
e.' 
185 

23.5 
'.e 
0.0 
20e 

23.5 

••• 
•••22. 

24.' 
•••
e.' 
235 

Bottol 185 205 22. 235 
n.o.{PPII Snrface 

Bottol 
5.2 
5.1 

5.6 
5.3 

4.9 
5.1 

4.6 
4.3 

Depthlfeetl U fO U 19 \'0 ze 13 1'0 14 46 fO U 

11/12 11 11/12 11 11/12 11 11/12 II 

liYDROZOA 
OLIGOC1UUA 

UClIYUUIDU 
PIGU!fIILLl KICHIG!JIISIS 
SPICAiIA JOSIIIJ 
OIIDllfllI!D TnBllIClD .1 

0.' 
e.' 
0.~ 

•••e.' 
151.2 

t

•
•e
•8 

'.0 
0.' 
0.0 
0.0 
t .• 

31.8 

•• 
0

••2 

18.9 

••• 
18.9 
18.9 
31.8 
94.5 

1

• 
1 
1 
2 
5 

0.' 
56.1 

e.' 
t.' 
'.0 

56.1 

t 
3 

•••3 
OIIDKlfIlIID flBlrICID 12 
lULODIILIS PIGIITI 
LIIIODRILUS BorflEISTllI 

115.' 

•••391 .• 

U 
t 

21 

983.e 
31. 8 

623.8 

52 
2 

33 

718.3 
113.4 
18.9 

38 
6 
1 

623.8 
t.' 

283. 6 

33 

•15 
LIIIODIILUS UDIEllIlIUS 
QurSfADRILUS/SPI10SPBRll SF? 
Ill1TUl111 SPECIOS! 
SCOLlt~LIPIDIS VIRIDIS 
lIJlU!! 
LIPfODOR1 IIIDfI 
G1KWlJS sn. 

•••I.' 
e.' 

31.8 

•••
I.' 

888.5 

8 
e
•2 
e 
I 

n 

94.5 
56.1 
0.0 
'.0 
'.t 
e.' 

56.1 

5 
3 
0 
t

•0 
3 

'.0 
0.8 

194.' 
@.e 

18.9 

•••318.1 

@ 
I 

n 
e 
1

•2. 

"'.5 
••• 
•••
0.' 
I.t 

31.8 
264.1 

36 
e
•e 
I 
2 

14 
CUfn~l POLIU 
CL1DOfllYfUSUS SFP. 
HICROPSICTll SP!. 
nnfAiSUS sn. 
POLTPlIHLUI SPP. 

LAiVU 
LUilt 
LAitU 
LUtU 

318.1 
18.9 
t.t 

•••
661.& 

2' 
1

••35 

415.9 
18.9 
'.t 

2n.9 
68t.5 

22 
1

•11 
36 

1266.5 

•••
18.9 

189.' 
189.' 

51

•
1 

1. 
11 

3t1.' 
t.' 
t.' 
•••

983.' 

21

••t 
52 

CRYPfOCIIROIOHOUS SP? 
PROCLQIIJS SPP. 
UIIDKlfIIIID ORGlIISI 1 

LAitU 
LAitU 

18.9

•••'.t 

1

•• 
281.9 
31.8 
e.t 

11 
2

• 
113.4 

'.'t.' 

6

•• 
18.9 

•••56.1 

1 
e 
3 



Appeldix rable 1-1: (continued). 

Date 
Tile 
Location 
Tide 
hip. lC) !ir 

Surface 
Bottol 

Sal.{ppt) Surface 
Bottol 

COlld. Surface 
Bottol 

D.O.(pp.) Surface 
Bottol 

Depthlfeetl 

8111/92 
lUI 
545. 

nood 2 
24.' 
24.' 
24.1 
I.e 
e.' 
241 
245 
5.3 
5.3 

18 fO 19 

8/17/92 
ISIS 
CU8 

Flood 2 
24.0 
a.1 
24.0 
•. 1 
0.3 
255 
255 
4.7 
5.2 

49 TO 50 

8/17/'2 
155' 
CU5 

Flood 2 
24.' 
a.' 
a.' 
'.0 
e.' 
260 
265 
4.7 
4.8 

U fO 58 

8/17192 
1615 
S4U 

Flood 2 
a.' 
24.' 
24.' 
•••
'.0 
270 
27& 
4.7 
4.7 

15 TO 16 

11/12 II 11/12 II 11/12 11 11/12 !l 

IUnOD! 
nCHnUBIDU 
IUS nUGI1IS 
PIGUITIILLA MICBIG1IIISIS 
SPBClill JOSIllB 
TtrBIlICIlll1 
UIIDllfIlIl1l TI1Bl1ICIIl .1 
UIIDll1'1l1l1l TI1B1IICIIl '2 
LIHJOIlRILUS KOIIM1ISfIRI 
LIIIOIlRILI1S UDIIIKIAIUS 
SCOLICOLBPIIlBS VIRIDIS 
COIBICULl lLUllll1 
G1WlUS sn. 
cumvn POLIU 
CBUOIOIUUI 
CLADOT1IYT1ISUS SPP. 
RHIOfAlYTA1SVS SPP. 
TAltfUSUS SPP. 
CIIUOIOllIlt 
CIIUOICIOUS SF?' 
DICROTEIDIPIS SPP. 
POLIPIDILUK Sf!. 
CRYPTOCIIIROIOIOUS SFP. 
OI!!OCUDIIIU 
OIIDII!Il!ID OIGAIISI 1 

LAUU 
L1IJU 
t1l1'U 
Lll1'U 
LAUU 
Llilll 
LUlU 
LlliU 
LUlll 
LlliU 

31.8 
0.' 

18.9 
e.' 

226.8 
t.'
e.' 

1115.3 
18.9 
'.e 

37.8 
37.8 

1285.4 
642.7 
i.' 
e.e 
t.e 

94.5 
t.' 
••••••

359.2 
94.5 
'.t 

18.9 

2 
0 
1 
0 

12 
e 
•59 
1, 
2 
2 

68 
34 
I 
e
•5 
e
•I 

19 
5 
t 
1 

0.0 
3591.7 

0.0 
0.0 
0.0 
e.' 
'.0 
e.e 
I.e 
0.@
e.'
I.e 

56.7 
I.' 
e.e 

75.6 

••• 
••• 
0.' 

18. 9 
I.' 

397.' 
18.9 
37.8 

••• 

0 
19. 

3 
t 
0,, 
e 
e 
@ 
e
•3 
I

•4
•t 
e 
1 
e 

21 
1 
2 
e 

I.e 
0.1 
0.' 

623.8 
e.e 

113.4 
113.4 

2117.2 
17e.l 
56.7 
e.' 

37.8 
113.4 
18.9 
e.t 
'.t 
•••'.t 

37.8 
t.t 

•••
812.9 
18.9 

•••
18.9 

e
•i 

33 
e 
6 
6 

112 
9 
3

•2 
6 
1 
e
•••2 
t

•U 
1 
t 
1 

18.9 
0.3 
e.e 
•••e.' 
e.' 
e.' 

56.7 
18.9 

•••
e.' 

37 .8 
6597.4 

217. , 
18. , 

•••
37. 8 
94.5 

•••i.' 
18. , 
37.8 

••• 
•••

37 .8 

1

•e
•••
I 
3 
1 

••2 
3n 

11 
1 
t 
2 
5 
t 
I 
1 
2

•I 
2 



Appeadi! Table 1-1: {coatiauedl. 

Date 8/17/92 8/17192 8/17192 8/17192 
file 1645 1728 1745 U.S 
Locatioll 1416 C421 SU4 5422 
fide noaa Slack noad Slack Ibb 1 Ebb 1 
hip. (Cl Air 23.5 23.e 22.5 22.5 

Surface 24.' 24.' 24.' 24.' 
Bottol 

Sal.(pptl Surface 
So ttOI 

•••
•. 0 

24 •• 
0.• 
0.0 

H.' 
I.' 
0.0 

I.' 
0.0 

Coad. Surface 375 295 295 29. 
BottJI 300 295 

D.O. {PPII Surface 
Botto! 

5.6 5.7 
5.4 

5.4 
5.4 

6.7 

Depth(feetl 1 TO 2 U TO 45 1 fO 8 11 fO 18 

11/12 1'1 11/12 1'1 11/12 11 11/12 11 

UUfOOI 75.6 4 1a.9 1 '0 .• 0 1071.5 51 
BlCHY!RUIDU 6408.3 339 0.0 0 0.' 18.9 1 

I!IS COlUmnS 
SPICARII JOSIIA! 
UIID!lfI!IKO fUBI1ICID 12 
lULODRILUS PIGUKTI 
LIKIODRILUS HOll!!ISf!RI 
LIHIODRILUS UDBKBHIAIUS 
snuvu 

0.0 
0.0 
0.' 

••• 
0.' 
0.' 
e.e 

0

•0 
e
•e, 

0.0 
0.0 

5935.7 
245.1 

3327 .• 
3'2.5 

e.' 

0 
0 

314 
13 

176 
16 
0 

'.0 
e.' 
0.' 
e.' 
'.0 
0.' 

31.8 

•0 
0,, 
•2 

18.9 
18.9 
56.1 
I.' 
•••e.' 

31.8 

1 
1 
3 
0 
0 
e 
2 

CORSICDLl lLUMI)!l 
AlenIDl! 
GlIIMARUS SPP. 

e.' 
'.0 

56.1 

e 
e 
3 

I.' 
56.7 

2211. 7 

e 
3 

117 

18.9 

•••3482.6 

1

•188 

31.8 
18.9 

113.4 

2 

6 
CYUBlYU POLru 18.9 1 226.8 12 264.7 14 18.9 1 
cnUOPOGOUDlB 
fIPULIDU 
C&IROIOKIDU 
CLADOfllYflRSUS SPP. 
nnUUDS SPP. 
DICROfllDIPIS SPf. 

LAUU 
LUiU 
LARVU 
LUlU 
LUVU 
LUVU 

t.' 
18.9 
t.' 
'.0 

•••t.' 

e 
1

•e 
t 
t 

I.t 
I.' 
e.t 
I.' 
t.' 
e.' 

e
•e
••e 

t.t 
e.t 

37.8 
31.8 
18.9 
18.9 

e 
I 
2 
2 
1 
1 

56.1 
t.' 
t .• 

2986.8 

••• 
t.' 

3 
t 
0 

158 

•e 
POLTPBIHLUI SPP. 
CRYPfOCHIROIOHOUS SfP. 
CRICOfOPUSI ORfHOCLADIUS Sf'. 

LUill 
LUill 
LUVU 

18.9 
t.e 

••• 

t

•• 
171.1 

•••I.' 

9 
t 
e 

94.5 
18.9 
'.e 

5 
1

• 
1266.5 
5557.7 
434.8 

61 
294 

23 



.. 

!ppeodil fable 1-1: (contiDn~d). 

Date 8/11/92 8/111'2 8/ t1192 8/18/92 
riu 1823 1845 1855 lU5 
Location CU9 S418 SU8 sus 
ride Ibb t Ibb 1 . !bb 1 Ibb 2 
hlp.ICI Air 

Snrface 
22.0 
a.3 

22.1 
23.5 

22.0 
a.e 

26.0 
24.0 

Bottol 24.6 24.0 24.0 
Sal. (pptl Surface 

DottOi 
0.0 
I.e 

6.1 
0.0 

1.0 
0.3 

6.1 
e.0 

COl1d. Surface 315 295 305 285 
Bottol 319 305 285 

D.O. (ppil Snrface 5.7 6.5 5.9 5.2 
Bottol 5.9 5.9 5.2 

Deptb(feetl 49 TO 50 17 TO 18 7TO 8 17 fO 18 

11/12 !1 D/12 II 11/12 11 11/12 11 

illS COUURts 0.e 0 0.0 0 18.9 1 0.0 0 
PIGUiTIBLLA !!CHIGAIB!SIS 15.6 4 18.9 1 0.0 0 0.0 0 
alIDllTIlIED fUBIlICID .1 0.0 0 18.9 1 0.0 0 0.0 e 
UIIDllfIlIID fUBIlICID '2 94.5 5 37. 8 2 e.0 e 548.2 29 
LIKIODIILUS BOll!lISfBRI e.0 0 37.8 2 0.0 0 56.7 3 
POLYClIUn e.0 0 0.0 0 e.e 0 18.9 1 
BInLVn 0.0 0 56.7 3 0.e e 0.0 0 
CORBICULA lLU!II!! 0.0 e 18.9 1 18.9 1 37.8 2 
AIlPHIPODA 0.0 0 t.0 t 0.0 e 37.8 2 
GAHl!1RUS SfP. 56.7 3 18.9 1 614.9 32 132.3 7 
CYCLASPIS V&I1!IS 0.0 0 18.9 1 0.0 e e.' e 
cursun POLIn 18.9 1 18.9 1 529.3 28 340.3 18 
CHItIDO!!! ALIYll 
CL!DOTAJ!TUsnS SPP. 
KICIOPSBCTil SPP. 
DICROTBIDIPIS SfP. 
POLrnDILUI SPP. 
CIYPTOCHIIOIOIOUS SfP. 

LARVAl 
UUll 
LARVU 
Lunm 
LUlU 

382.5 
e.' 
t.' 
e.' 

18.9 

••• 

16, 
I

•1 
I 

e.8 
382.5 

e.' 
e.' 

94.5 
18. 9 

t 
1&, 
8 
5 
1 

e.' e 
I.e , 

94.5 5 
37.8 Z 

245.7 13 
t.e e 

37.8 
e.' 
e.e 
e.e 

346.3 
e.' 

2, 
e
•18, 



Date 8/18192 8/18/92 8/18/92 8/18192 
file 1155 1211 1245 131. 
Location Uta He1 !SS8 ISH 
fUe flood 1 Hood 1 flood 1 llood 1 
hlp.(el !it 25.' 25.' 23.5 25.' 

Sl1rface 25.' 25.' 26.' 25.5 
Bottoll 

Sal. (pptl Sl1rface 
Botto. 

•••
I.' 

••• I.' ••• 
eoad. Surface 33@ 33@ see 551 

BottOI 
n.o. (pPII Surface 7.0 6.8 7.2 8.1 

BottOI 
Depth{feetl 1 fO 2 1 fO 2 1 fO 2 1 fO 2 

11/12 11 nIl! 11 11/12 11 11/12 11 

fURBILLUI1 
UltUODA 

LUIlBRICULIDU 
UCBYfRAIIDU 
IlIS VUIUIUS 
PRISfIIA SPP. 
BIIDllfllllD fUBIlICID 
GAW!1JS Sf!. 
I PHnUOPfUl 
POL YUUItUl SPP. 

tl 

·I!IPII 
LUVU 

e.• 
264.1 

e.e 
56; 7' 
18.9 
56.1 
18.9 
56.1 
e.' 
1.0 

•
14 

e 
3 
1 
3 
1 
3 

•• 

18.9 
75.6 

0.0 
0.' 
0.0 
0.0 
e.0 

56.7 
'.0 
'.0 

1 
4 

0 
e 
0

•0 
3 
0 
0 

I.e I
I.e • 

18.9 1 
I.'
t.' ••I.' e 

e e.' 
18.9 1 
•. 1 I
1.0 • 

0.' 
18.9 

t.t 
e·•• 
e.• 
••• 
•••226.8 

18.9 
491. 5 

e 
1 

••0 

12 

••
1 

26 



!ppendir fable &-1: {continoed}. 

Date 8/18/92 8/18/92 8/18192 8/18192 
file 133e 1355 1415 1525 
Location I549 I548 C545 5536 
Tide Hood 1 Flood 2 flood 2 llood Slack 
hip. Ie) Air 

Sllrface 
25.5 

' 2S. 5 
25.5 
25.' 

26.5 
24.5 

28.' 
25.' 

Bottol 24.5 24 .• 
Sal,(pptl Sllrface 

BottOI 
Cvl1d. Surface 

e.' 

709 

e.' 
900 

••• 
•••1258 

2.' 
2.' 

use 
BottOI 1301 270e 

D.O. (PPI) Sarface 
BottOi 

7.' 7.7 6.3 
6.2 

6.8 
6.4 

Depth! feet) 1 fO 2 1 fO 2 U fO 45 21 fO 22 

11/12 11 11/12 11 11/12 11 11/12 11 

UIlUTU 
UCBYfUIIDU 
SCOLICOLIPIDBS VIRIDIS 
UIGU ClIlUn 
GUIlUllS SfP. 
elIlInGf!l ALIlYRA 

0.0 
18.9 
0.0 
0.' 
0.' 
idt 

0 
1 
0 
e 
e 
e 

0.0 
e.0 
0.0 
e.0 
0.e 
e.e 

0 
0 
0 
e 
e
• 

e.' 
18.9 
'.t
t.'

18.' 
18.9 

•1
••1 
1 

18. 9 
0.e 

189.e 
18.9 
e.e 
e.e 

1 
0 

10 
1 
0

• 



Date 8/18192 8118/92 8/18192 8/19192 
Til!! 1621 1635 17.5 935 
Location 5522 I518 C518 55t3 
ride nood Slack Ebb '1 Ebb 1 Ibb 2 
!up. (Cl Air 

Sarface 
26 •• 
24.5 

21.' 
25.0 

26.' 
25.' 

21.i 
25 •• 

Bottol 24.5 24.' 24.5 
Sal. (pptl Surface . 2.0 2.3 4.' 4.1 

Bottol 2.i 4.3 4.3 
Condo Surface 3460 3403 5300 55e0 

BottOl 3400 G000 ss.e 
D.O. (PPI) Surface 1.2 7.5 7.4 6.9 

Bottol 1.2 1.' 6.6 
Deptb(feetl 9 fO 10 1 fO 2 ,46 fO 47 13 fO 14 

tl/12 n n/12 D. n/12 11 n/12 11 

flJRBKLJ..!IUA 0.0 0 0.0 0 75.G 4 0.i 0 
1B!!!fODA i.0 0 0.0 0 0.0 e 18.9 1 
OLIGOCHASU 18.9 1 0.0 ~ '.0 0 0.0 0 
SCOLBCOLBPIDBS VIRIDIS 0.0 0 0.0 0 151.2 8 15.6 4 
RlIGn. C1JIUU 
GAlIlllRUS SPP. 
IlOIOCULODBS BDIARDSI 
cunnn POLIU 
CBtRIDOf!! ALIYRl 
RBOIlYSIS !!!BRICAIA 

0.0 
e.• 

37.8 
e.' 
e.' 
0.6 

0

•
2 
0 

•0 

0.0 
'.0 
0.0 
0.• 
0.0 
0.0 

0 
0 
0

•0 
0 

•. 0 
18.9 
e.' 

IS.9 
31.8 
15.6 

e 
1 
e 
1 
2 
4 

31.8 
37.8 
'.0 

15.6 
e.'
e.0 

2 
2 
0 
4 
e 
0 



Appendix fable 1-1: (continued). 

Dite 8/19/92 . 8/19/92 8/19192 8/19/92 
rile lUt uee 1125 un 
Location ssn C513 C515 S518 
ride Ebb 2 Ebb Slack flood 1 .nood 1 
hlp.ICI Air 

Sorface 
27 •• 
24.5 

21.' 
24.5 

29.5 
24.5 

28.5 
24.5 

Bottol 24.5 24.6 24.6 24.5 
Sal.(pptl Surface 

lIottol 
4.e 
4.0 

2.3 
2.0 

2.0 
2.0 

2.i2.. 
COlld. Surface 

BottOI 
5000 
500e 

2S.e 
2501 

Hee 
2500 

2ee0 
200e 

D.O.{PPII Surface 
Bottol 

1.1 
5.7 

6.6 
6.5 

6.3 
5.3 

5.1 
6.1 

Depth(futl 13 TO 14 U TO 45 UfO U n TO 12 

n/12 II n/12 11 11/12 11 11/12 11 

IUnnl 0.0 0 511.4 21 362.5 16 0.0 e 
U!!rODl 0.e 0 31.8 2 151. 2 8 •. 0 e 
UCIln'RUIDU 
TUBIlICIDU 
nIDnrrlUD funneID U 
LI!JODRltlIS 1l0l1HlISTBRI 
SCOLBCOLIPIDIS VIRIDIS 
BIunu 

.RUGIA CUIUn. 
COROPBIUIl SPP. 
GAlHUl.tlS SPP. 

0.0 
0.0 

75.5 
31.8 

491.5 
18.9 
31.8 

283.6 
151.2 

0 
e 
4 
2 

26 
1 
2 

15 
8 

56.7 
e.' 
I.t 
e.e 

557.1 
e.'
e.0 

18.9 
37.8 

3

•e 
e 

31

•e 
1 
2 

56.7 
e.1 
e.e 
I.' 

264.1 
i.'
e.'
e.0 

15.6 

3 
0

•e 
14

••0 
4 

18.9 
18.9 

415.9 
i.e 

56.1 

•••'.e 
e.e 

56.1 

1 . 
1 

22

•3

••
•
3 

cunuu POLIn. 
. CBIlUDoru 1LIYU 

IIOIYSIS !!IlICliA 
CIUROIOlUllU 
CLlDOflitTllSUS S.'. 
POLYPIDILUK SPP. 

LUVU 
r.U,VU 
LU,iU 

189.e 
i.e 

75.6 

•••••••
•• 

1. 
e 
4 
e 
e
• 

56.1 
e.' 

18.9 
18.9 
18.9 
37.8 

3 
e 
1 
1 
1 
2 

e.e 
18.9 
e.' 
e.'
I.' 
••• 

e 
1

••e 
t 

18.9 
e.e 
e.'
i.'
e.' 
t.1 

1

•t 
e
•• 



DaU 11/ 5192 11/ 5192 111 5/92 11/ 5/92 
'rile .. 91. 951 Ill! 1145 
Location 1518 1519 H33 UU 
Tide Ibb 1 Ibb 1 Ebb 1 Ibb 2 
fnp.(el lir 

Snrface 
U.6 
12.' .' 

11.3 
12.5 

1'.3 
12.5 

11. • 
12. , 

Bottol 
Sal.(pptl Sarface t.' 4.' 2.1 2.' 

BottOI 
COld. Surface 6e00 3600 2350 90e 

Bottol 
D.O. (PPII Surface 

Bottol 
9.5 9.4 9.6 9.4 

Depth! feetl 1 fO 2 1 TO 2 ITO 2 2 !O 3 

11/12 11 11/12 11 11/12 11 11/12 11 

IUUODl 
UCliURUIDU 
PARAllIS LI!OR1LIS 
!1JBUICIDU 
UIID!lfIltID fUBIIICID 11 
UJIDBlfIIIID fUBIIICID 12 
lULODIILUS PI'UlfI 
ISOCHAITIDIS IlltI 
LIKIODRILUS BOll!lISfllI 
LIKIODIILUS UDIIIIIAIUS 
COPlPODl 
GUWIDIl 
GUIUUS sr,. 
IOIOCULODIS IDIIRDSI 
cnUOPOGOIIDU 
caUOICHIDU 
CRYPTOCiIROIOIOUS SPP. 

LUiU 
URVU 
URVU 

0.3 
0.0 

9.0 
0.0 
0.1 
i.0 
0.' 
I.' 
e.' 
e.' 
••• i.t 
e;1 

••• t.1 
1.1 

••• 

0 

• 
0 
0 
e 
0 

•e 
0 
e 
e 
e 
t 
3 
t 
t 
I

0.0 
548.2 

0.0 
18.9 

••• e.0 
e.• 
0.' 
e.0 
t.t 
3.3 
e.' 

15.6 
e.' 
e.' 
I .• 

I.' 

•29 

0 
1 
0 
0 

•I 
•• • •. 4 

• t 
t 
I 

18.9 1 ,•. 0 
189.8 16 

'.0 •189.' 11 
6131.2 319 
756.1 4t 
189.' 11 
318.1 2. 
318.1 2e 
lU .• Ie 
18.9 1 

264.1 14 
18.9 1 
18.9 1 
18.9 1 
18.' 1 

e.• 
e.• 
e.' 
'.e 
i.e 

151. 2 
0.' 
t.' 
I.e 
e.' 
••• 
••••• 

56.1 
I.t 

••• t.' 
•••• 

i
0
0 
e
• 8 
0 
0 
e
• e 
•3 

• t 

•I



Appelldix fable A-1: (contillued). 

Date 
file 
Location 
Tide 
hip. (el lir 

Surface 
BottOI 

Sal.(pptl Surface 
RottOi 

Condo Surface 
Bottol 

D.O.(pPII Surface 
Bottol 

Deptfl(feetl 

11/ 5/92 
1115 

. ISS3 
Ebb 2 
11.'
12.' 

11U 

'.3 

2 fO 3 

11/ 5/92 
1145 
IU1 
Ebb 2 
1'.3 
12.' 

e.e 

4•• 

9.' 

1 fO 2 

11/ 5/92 
122. 
un 
Ibb 2 
'.8 

12.' 

e.' 
265 

8.6 

1 fO 2 

111 5/92 
1555 
S2.4 
Ibb 2 
1.9 

11.' 

15. 

,.. 
16 fO 11 

n/12 . ~ 11/12 11 11/12 11 11/12 11 

nCHYfIU.EIDU 
UIDIDU 
IUS CORVUS 
Ilrs VUUJILIS 
PUlllIS LIfOllLIS 
PRISfIll SFP. 
PRISnutLl S". 
SPIC!!Il JOSIIAI 
UIIDllTIlIID fDRIllelD '2 
lULODRlLUS PIGUlfI 
CORBICULl fLUIIll1 
GUliUUS SFP. 
CYUlIURl POLUI 
CHIRIDO!I! ALKtl! 
IIOHYSIS Allilell! 
RI!OfIIYTUSUS SPP. 
POLYPlDIUH Sl'P.
CRYPTOCIIROIOIOUSSPP. 

LUUI 
uno uuo 

•••t.' 
3.'
'.e
e.'
t.' 
e.'
I.' 

2n.9 
t.'
t.' 

151.2 
t.' 
•••

18.9 

I.'
I.'
••• 

e 
e 
•e 
e 
e 
•t 

11

•0 
8 
e 
t 
1 
f· 
t 
t 

18.9 
e.e 
0.3 
i.i 
e.'
•••••• 
•••

18.9 
e.' 
e.' 
•••e.' 
•••
'.t 
••• 
•••••• 

1 
t 

.9 
8 
0 
t

•e 
1 
e 
e
••t 
t 
t

•t 

•••56.1 
318.1 
132.3 
94.5 
31.8 

151. 2 
e.'

194.e 
e.' 
i.' 

18. , 
264.7 
18.9 
t.' 

37.8 
37.8 
18.9 

•3 
28 
1 
5 
2 
8 
t 

42 
e 
e 
1 

14 
1 
t 
2 
2 
1 

••••56.7 
e.e 
e.' 
t.' 
e.e 
t.' 

151. 2 
2325.1 

56.7 
18.9 
18.9 

226.8 
t.' 
•••'.1 

94.5 
56.7 

• •
3 
0 
e
•e 
e 
8 

123 
3 
1 
1 

12

••t 
5 
3 



!ppendil hble I-I: (c()lltill.lI~d). 

Date 111 6/92 111 6/92 111 6/92 111 6/92 
Tile 825 91G 935 utt 
Location 827. S26t Ubi 5247 
ride flood 1 llood 1 flood 1 nood' i' 
Tnp.(CI lir 6.3 11.2 1.2 

Sllrhce 9.0 9.5 9.5 1t.5 
Bottol 9.5 10.5 

Sal. (pptl Surface 
Bottol 

Cood. Sl1rhce 110 120 125 140 
Bottol 12t 140 

O.O.{PPII Surface U.S 10.2 9.5 9.1 
Bottol 10.e 10.' 

Depth(feetl 5 fO 17 !O 18 1 fO 2 14 fa 15 

0/12 11 11/12 11 fl/12 0 fl/12 0 

rtJRULURU 151. 2 S 0.0 0 0.0 0 0.' 0 
UIIUODl 18.9 0.0 0 0.a 0 0.• 0 
OLIGOCllIU 0.0 0 31.8 2 0.3 0 e.' e 
UIDID!! 132.3 7 0.e 0 0.0 0 0.0 0 
IUS ILIIGUIS '.e 0 0.0 0 18.9 1 0•• e 
UBID!I!IlIID fUSllICID .1 245.1 13 321.4 17 18.9 1 0.0 0 
UIIDIRfIIIID fUBI1ICID .: 5185.1 269 1966. e 104 15.6 4 1663.5 88 
AULODRILUS PIGUlfI 
LIIIOORILOS HOIIKlISTIRI 
LIKIOOR1LUS UDBII!1!IUS 
QUISUDRILUS ISPIROSPBRusn. 
BIRIIDUI! 
BILOSOELLA SPP. 
BI'VltVU. 
CORBICIILl FLUllill 
UYSIIIU 
COPlrou' 
G!IllURVS sn. 
CIUROIOIInU 

,CBIROIOHIIU 
POLrPlDILVI srp. 
CRYPTOCB1ROIOIOUS SPP. 
PROCLlDIUS UP. 
IIIIDBITlllABLE ORG!lISI 
GIIDKITllIID OIGAIISl'l 

LARVU 
LARiU 
URVAE 
UUU 
LARVAl 

1115.3 

•••0.' 
378.1 
18.9 
i.0 

56.7 
1361.1 

37.8 

•••
34'.3 

•••t.' 
31.8 

113.4 
318.1 

•••
132.3 

59 

•'.2. 
1, 
3 

12 
2 
e 

18

••2 
6 

2. 
e 
1 

e.G 
e.' 
e.t 

15.6 
I.t 

15.6 
1.1 

189.' 
94.5 
t.t 

56.1 

•••
t.' 
•••

18.9 
18.9

••• 
••• 

e
•e 
4 
I 
4 
f 

10 
5

•3 
t

••1 
1

•e 

0.0 
'.0 
e.e 

18.9 
e.' 
i.e 
'.G 
i.e 
e.• 

18.9 
f.e 

18.9 

•••
'.0 

••• 
I.' 

31.8 
I.' 

t 
0 
e 
1 
t 
e
•e
•1 
e 
1

••e
•2
• 

'.e 
151.2 
226.8 

e.'
e.' 
e.' 
•••
e.' 
e.'
e.' 

31.8 
t.t 

18.9 
e.• 

37.8 
56.1 
t.' 
••• 

e 
8 

12,
•e 
0 
e
•e 
2 
f 
1 
I 
2 
3 
I 
e 



!ppendiI fable 1-1:' (eo~tinaedl. 

DaU 11/ 6/'2 11/6ln 111 "92 111 9/92 
file 114e 1215 1315 915 
Location 1241 C24e 1235 C227 
fide nood 2 Ibn 1 Ibb 1 flood 1 
hlp.(CI Air 8.' 9.' 7.9 

Sarhce It.0 10.5 10.5 8.3 
Bottol le.5 8.0 

Sal.(pptl Surface 
Bottol 

Condo Surhce 135 140 140 105 
.Bottol 140 100 

D.O.{PPII Sarfaee 10.2 10.0 9.9 10.2 
Bottol S.5 19.4 

Depth/feetl 1 fO 2 42 fO 43 1 TO 2 43 TO U 

1'1./1,2 a 0/12 a n/12 11 n/12 II 

IBIlUODA 0.0 0 0.0 0 18.9 1 0.3 ~ 

OLIGOC1Uln 0•• 0 245.1 13 0.0 a 0.0 3 
UCliynUIDAI 15.6 4 0.0 0 926.3 U 0.0 0 
SPBCll1l JOS111! e.0 0 207.9 11 0.0 0 0.0 0 
UIIDllfIllED rUBlrICID 11 '. 0.0 0 529.3 28 0.0 0 .0.0 0 
UIIDBlfIlllD fUBIfIClD .2 18.9 1 3856.3 204 37.8 2 1228.7 65 
AULODULUS PI GUlfI 0.' 0 113.4 6 0.' t 0.0 0 
LllllODRILUS HOll!llSf!Rl 
LIIlIODRILUS UD!IZKI!IUS 

e.e 
18.9 

3 
1 

Ze1.9 
321.4 

11 
17 

0.e 
0.' 

t 
e 

18.9 1 
0.3 , 

gUISfADR1LnS/SPIROSPIRKl SPP. 
CORBICULl FLUlt1llA 

0.0 
•. 0 

e 
3 

207.9 
151. 2 

11 
a 

18.9 
e.e 

1 
e 

0.0 •264.7 14 
G!lfI(llUS SFP. 
CUflJURl POUn. 

0.0 
0.0 

0 
0 

18.9 
18.9 

1 
1 

e.0 
e.e 

0 
0 

0.' 
e.• 

I 
I 

P01.1UDILUK SP!. 
CRYPTOCH1ROIOltOUS SP!. 

LllVlB 
1.Uf1l 

t.'
e.' 

t 
3 

31.8 
37.8 

2 
2 

e.e 
e.' 

e 
e 

113.4 
e.' 

i 
I 



ApP@Ddir r~ble 1-11 (continaed). 

DaU 111 '/92 111 '''-2 11/9192 HI '/92 
file 955 111. 1125 1215 
tocatioll S221 I221 I228 SJU 
!ide Hood 1 Hood 1 flood 1 Flood 2 
hlp.IC} lir 

Sarface 8.' 1.5 8.5 '.5 
Bottol '.5 

Sal.(pptl Surface 

Condo 
Bottol 

Surhce 111 11e 110 14e 
Bottol 150 

D.O.(pPI) Surface le.4 19.5 10.5 '.5 
BottOI 

Depth(feetl a fO , 1 fO 2 1 TO 2 
'.3 

19 TO 2. 

n/12 n n/12 11 11/12 11 n/12 11 

IUUOD! 
OLIGOCBUU 

e.3 
e.' 

0 
e 

18.9 
i.' 

1 
e 

e.e 
0.0 

e 
0 

I.e •18. , 1 

ncn'n.lIIDU e.1 I 18.9 1 e.' 0 0.e e 
IUS BIIIIIIG! 0.' e 0.0 I 18.' 1 0.0 0 
P!RAUIS SPP. 
P!RAllIS LlfORlLIS 
nISUlA sn. 
SPICAlI! JOSIllB 
UIIDllfllIID TUBI1ICID #1 
UIIOKlfllIID !USllIClD #2 
Ll!IODRILU5 BOll!lISTIRI 
gUIS!lDRILUS/SPIROSPIRHl SPP. 
CORBICULI fLUKlill 
P&tSIDU 
G1UllllS 5PP. 
CYU1UrU POLITA 
C1SSIDISCl 1.UllllOIS 
CL1DOYlIYfARSUS SPP. 
caUOIOI£I1I 
DICROYIIDIPIS srp. 
POLYUDILUK SPP. 
CRYPfOCHIROIOIOUS SPP. 
UIIDII!I!I!D OIGllISK 1 
UIIDalfllIID ORGAIISI 3 

URVAI 
LUVAI 
URVAI 
LAIVAI 
LARVAl 

0.1 0 
I.' 0 
e.' 0 

151. 2 8 
151. 2 8 

223e.6 118 
'4.5 5 
56.1 3 
56.7 3 

'.' e 
t.t t 

'.' t 

'.' •t.t t 

••• •
••• •I.' •37.8 2 

18.' 1
18.'· . 1 

lB.' 
37.8 
31.8 
e.'

15., , 
37.8 
t.'
i.0 
I.e 
•••I.t 
I.t 
I.t 
t.'
'.''.'I.' 
•••
I.'
I.' 

1 
2 
2

•4 
2

••e 
t 
I 
t 
t 
I

•t 
t 
t 

•• 

I.e 

'.'0.1 
0.' 
0.' 
e.' 
e.' 
e.0 
'.e 

113.4 
2«5.7 
189.' 

' 189.' 
37.8 
18.9 
94.5 
31.8 

'.'18.9 
t.' 

e
••I 
0 
e 
e 
0 
e 
6 

13 
1. 
1. 
2 
1 
5 
2 
I '. 
1 
t 

I.e e 
•. 0 0 
I.e 0 

18.' 1 
15.6 4 

18'.0 1e 
i.e e 
I.' •e.' e 
t.t e 
t.' t 

'.' e 
t.' - •'.' •'.' t 

'.' t 
217.' 11 
t.' I 

••• I 
t.' • 



Date 11/ "92
 11/ 9/92 H/ 9/92
 11/9192 
Tile 1235
 132. 1335
 1345
 
Locni 011 C3U
 I339 I338
 I337
 
Tide flood 1
 1100d 2 Hood Slack
 rlood Slack
 
Tnp. (Cl lir 

Surface 9.5 9.5 9.5 9.5 
BottOl 9.5 

Sal. (ppt) Surface 
Bottol 

Condo Surface 145 14. 140
 140 
Bottol 145 

D.O. (PPII Surface 8.6 9.9 9. 9
 9.9 
Bottol 11.1 

Depth( feet) 5. TO 51 2 TO 3 1 TO 2
 1 TO 2 

m/12 11 0/12 11 11/12 n 11/12 11 

UIIDBlfIFIBD fUBIlICID .2 
CORBICULA FLUKI.Il 
PISIDIUIt SPP. 

661. 6 
18.9 

113.4 

35 
1 
6 

0.0 
0.0 
0.0 

0 

•0 

0.0 
0.0 
0.0 

0 

•0 

0.0 
'.0
 
0.0 

0
 

•0 
UIIDBITIlIBD OIG1IIS! 1 18.9 1 0.0 0 0.0 e 0.0 0 



Date 11/9192 111 9192 111 9192 11/U/92 
Tile 1415 lUI 1545 85. 
Location I336 I33S I322 5316 
fide Ibb 1 Ibb 1 Ibb 1 Bbb Slack 
hlp.{C) lir 4.2 

Surface 1'.' 11.' 9.5 9.5 
Bottol 9.' 

Sal.(ppt) Surface 
BottOI 

coo.d. Surface 140 149 150 lS0 
Bottol 150 

D.O.(pPI) Surface 9.6 9.'6 9.9 9.5 
Bottol 9.4 

Depth{ feetl 1 fO 2 1 fO 2 4 fO 5 19 TO 26 

0./12 11 n/12 II. 11/12 0. n/12 II 

!RCTIOIIIS LOlaKOI 0.' 9 0.0 a 0.3 3 15.6 4 
IUS VARIABIUS 0.0 0 0.0 9 56.7 3 '.9 0 
PIRlllIS LITOR!LIS 0.' 0 0.0 0 0.0 0 75.6 4 
SPBCARII 3051.11 e.i 9 0.e 0 m.2 a '.e e 
UIIOKlfIliED fUBIlIClD 11 0.' 0 0.0 0 151. 2 8 151. 2 8 
UIIDElfilIED fOBI1ICIO '2 37.8 2 0.e 0 901.4 48 3327.' 176 
ILYOD1ILUS fBHPLITOII 
L111001ILU5 HOllKIISTIRI 
L1IIODRILUS UDI[II1lIU5 
CORBICUL! lLUKII!! 
PI5lDIUIl SFP. 
CHIRIDOTll lLHYRA 
cnUOPOGOIiDU 
CRYPfOCHIROIOKOUS SPP. 

LUi!! 
LunE 

0.' 
•••e.' 

151. 2 

•••t.'
t.'
e.' 

0

•0 
8 
e
••t 

0.0 
9.' 
e.e 
e.'
e.0 
e.' 
0.' 
0.0 

0 
e 
0 

•e 
t 
0

• 

113.4 
e.' 

1285.4 
18.9 
56.1 
0.0 

18.9 
287.9 

6 
e 

68 
1 
3

•1 
11 

0.0 
283.6 

75.6 
'.0 

37.8 
56.7 
e.' 
'.0 

0 
15 
4 
0 
2 
3 
0

• 



lppndh: hble &-1: Icolltil1l1edj. 

Dati! 
file 

11/18/92
915 

11/1i/92
1125 

11/10/92
l11e 

11/11192
1135 

Locatioll 5315 5304 eli3 C3U 
Tide llood 1 nood 1 llood 2 nood 2 
Ynp.le) lir 4.2 8.7 11.1 11.' 

Sl1rface 9.5 10.' It.8 19.' 
Bot.tol 9.~ 10.0 le.' 10.0 

Sal.(pptl Sorface 
Bottol 

Cond. SUrface 150 175 ISe ISe 
Bottol 150 175 175 175 

D.O.(pPII Surface 
Bottol 

9.5 
9.4 

8.~ 

8.5 
8.6 
9.e 

8.6 
9.' 

Depth/futl a TO 15 3. fO 31 51 fO 52 47 TO 4S 

n/12 11 11/12 11 11/12 I:l n/l2 n 

UIlUOU 15.6 4 3.0 0 0.0 0 •• 0 0 
nCUUlIIDU 
UUIUS nICl 
sncuu JOSIIU 
~IIDIITIIIID f01IlICID il 
UIIDIITIIIID fUBIIICID i2 

0.0 0 
·283.6 15 
1739.1 92 
4612.5 244 
75t4.7 397 

18.9 1
e.0 •0.0 0 
0.0 0 

56.7 3 

e.e 0 
0.0 0 

18.9 1 
283.6 15 
94.5 5 

e.' 0 
0.3 0 
e.0 0
e.1 

9991.1 528 •
IULODIILUS 'IGUI!I 
LIHIODIILUS B01!!IISTlRI 
LIXIOOIILIS OUI(III110S 

586.0 31 
596.0 31 
283.6 15 

1.0 0 
0.0 0 
'.0 0 

'.0 t
0.1 •t.0 0 

756.1 41 
491. 5 26 

2249.5 119 
BIVUVU 
CORBICOLA 1LUI!111 
PIS1Unl srI.'. 

37.8 2 
18.9 1 

. 1 18.9 

3.0 0 
0.0 0 
0.0 0 

t.e 0
0.e •i .• 0 

0.0 0 
e.i e 

75.6 4 
COPErODl 
GAIWUS sr,.
cunni POLIn. 
CBIIIDOfll ALltll 
CRUOIGIIIU 
POL nlDILUI SPP. 
catPTOCKI10IOIOUS SPP. 
IIIDII!Il!ID 0lG1I151 1 

URUI 
LUVAI 
LUVAI 

37.8 2 
t.0 t 

132.3 7
e.• •e •••

132.3 1 
15.6 4 

e ••• 

0.0 0 
tS.9 1 

217.9 11 
,.f e
e.0 •415.9 22 
e.' 0
I.' • 

e I.' 
737.2 39 
453.1 24 
19.9 1 

132.3 7 
94.5 5
1.1 •18.9 1 

0.' 0 
0 I.'
e t.' 

113.4 6
.' 0.' •56.1 3 

0.' e, e.e. 



Date 
Til@ 
Location 
fid@ 
'hIp. (CI Ur 

Surface 
Bottol 

Sal.(ppt) Surface 
Bottol 

'Cond. Surface 
Bottol 

n.o.(pPI) Surface 
Bottol 

Depth (feetI 

11111192 
1215 
14«1 

lleed 2 
12.' 
11.' 

19' 

9.' 

1 TO 2 

11/11/92 
125. 
1426 

'10012 
12.' 
1'.5 

2•• 

8.8 

1 to 2 

11111192 
1315 
UH 

flood 2 
11.4 
11.5 

2•• 

8.4 

3 fa 4 

11/11192 
1355 
C3.2 

llood Slack 
11.2 
1'.5

1'.' 
185 

181 
8.1 
8.5 

41 fO 48 

n/12 Il n/iZ 11 mill !l 11/12 !l 

IUUODl 
lAID IOU 
UIID!lfIlI!D fUBIlICID .1 
UIIDllfIlIBD TUBIlICID .Z 
LIlIODRILUS HOllKBISflRI 
LIHIODRILUS UDBIIHIIIUS 
CLADOCIU 
GAHWUS SF!. 
lLHYR1CUKl PROIIHOCULI 
cnnllu POLIU 
FOLYPBDILIIH SPP. 
CRYPfOCBIROIOHOIlS SPP. 

LARVAl 
LAUD 

e.e 
e.e 
I.e 

75.6 
'.a 

18.9 
e.' 
e.1 
I.' 
•••e.e 
I.e 

I

•• 
4 

•1
•e 
I 
e 
•I 

1.1 
I.' 
0.e 

75.6 
0.0 
e.'
I.e 
I.' 
e.' 
'.0 

18.9 
I.e 

I

•• 
4 
I

•t 
I 
I 

•1 
I 

56.7 
189.' 

•. 1 

10511.4 
Z17.9 
I.' 

37.8 
94.5 
37 .8 
75.6 

1158.6 
75.6 

3 
1. 

• 
556 

11

•2 
5 
Z 
4 

56 
4 

I.e e 
•••• •37.8 2 

56.1 3 

I.' e 
'.0 •I.' •
I.' I 
I.' 1 
I.e •I.' •••• • 



lppeodi% hble A-1: (continlled). 

Date 
r!te 
Locatiol1 
fide 
rup.(el lir 

Surface 
BottOI 

Sal.(ppt} Sarface 
Bottol 

Condo Surface 
Bottol 

D~O.(pPII Surface 
BottOI 

Depth{feetj 

11118192 
1425 
C3tl 

!lood Slack 
11. 2 
18.5 
1I.t 

185 
180 
8.1 
8.5 

58 fO 59 

11/1.,92 
15t. 
SU9 
Ebb 1 
te.1 
U.t 
18.8 

185 
185 
8.6 
8.6 

16 TO 17 

11/11192 
155e 
SU4 
Ebb 1 
18.6 
11.8 

198 

9.1 

6 fa 1 

11/11/92 
1125 
C434 

Hood 1 
.13.' 
1'.5 
It.5 

1ge 

198 
8.4 
8.7 

58 fa 51 

n/12 11 n/12 11 n/12 !l 0/12 0 

nUfODl 
IUS BBIlIUtiI 
SPIC!RIl JOSIllI 
UIIDllfI!IID fUBIlICID '1 
DIIDllfIl1lO fUBIlICID '2 
LIIIODIILIS UDIII!I!IUS 
BIVlUU 
PISIDIO S". 
lICYLIDlI 
GUWUS Sf!. 
ALKYRACUI1 PROIIIOCULI 
cunuu POLITA 
C1SSID1SCI LUl1lROIS 
CHIRIDOfl! I1KtlA 
POLnS1Htul SF!. 
CI1COfOPUSI ORfBOCL1D1US srp. 
UIIDllfllIID OI&II1SI 1 

LUfU 
LU'lI 

56.7 
i.'
e.3 
e.' 
•••i.t 
'.e 
t.' 
•••94.5 
e.' 

is.9 
i.' 
t.' 

31.8

••• 
t.t 

3

••t 
0 
t

•••5
•1 
I 
t 
2 
t

• 

94.5 
e.e 

1266.5 
945.2 

569'.e 
412.6 
211.9 
113.4 

I.t 
31.8 
75.6 

264.1 
e.' 
t.' 

11491.5 
397.' 
56.1 

5 

•61 
5. 

381 
25 
11 
6

•2 
4 

14

••555 
21 
3 

3.8 
56.7 
18.9 
18.9 

132.3 

•••e.' 
'.e 

18.9 
132.3 
i.' 

1".1 
56.7 
18.9 

264.1 

•••t.' 

•3 
1 
1 
1 
I 
e 
e 
1 
1

•9 
3 
1 

14

•• 

•••e.' 
e.' 
t .• 

118.1 
i.e 
i.i 
'.t 
•••113.4 

•••56.7 
t.t 

56.7 
318.1 

t.' 
••• 

I 
I 
I

•9 
i 
e 
e 
•6
•3
•3 

21 
t

• 



.... ! 

lppe~dil fibl~ 1-1: (eoatiauedl. 

DiU 11/11/92 11/11/92 11/11/92 HIllIn 

filt 1115 1155 1245 1311 
Location . CU9 C424 5424 C4U 
fide flood 1 flood 2 flood 2 flood 2 
hip. Ie) lil:' 13.3 U.8 13.2 13.2 

SlU'face 1'.5 11.3 10.5 11.5 
BottOI U.5 le.5 u.s 

Sal.(pptl S~rface 

BottOi 
Cond. Surface 213 213 215 at 

BottOI 2•• 210 24. 
D.O.(pPII Surface 7.9 8.2 7.9 8.3 

Bottol 8.3 8.3 8.1 
Depth( feetl 43 1'0 U 

n/12 11 

52 fO 53 7 1'0 8 53 f.o 51 

n/12 11 11/12 !1 11/12 !1 

HYDRO%Ol 
UUfODl 
UIIDKlfIFIKD rUBI1ICID tl 

18.9 
i.' 
0.0 

1 
3 
i 

e.0 0 
189.i 18 

156.7 • 

18.9 1
-l~f •
t .. e 0 

e t.'
e e.' 

'.3 0 
UIIllllfIlIBD fUBIlICID '2 
LIOOllRILUt SPP. 
seOLleOLBPIDIS VIRIDIS 
GAlIURUS SPP. 

18.9 
0.' 
e.• 

18.9 

1

••
1 

392.5 16 
18.9 1 
e.e t 

189 .• It 

226.8 12 
e.e t 
e.e e 
e.' e 

18.9 1 
e e.' 

321.4 17 
e t.' 

eUUURl POtU! 
eHIIIllOfl! ALKYRI 
POLYPIllILUI SPP. LUV!! 

37.8 
e.' 

56.7 

2 
0 
3 

31.8 2 
18.9 1 

3t2.5 16 

37. 8 2 
t .• •

17'.1 9 

e.' e 
18.9 1 
37.~ 2 



.. 
AppeadiI fable A-I: (~ontinued). 

Date 
'fiu 

11/11/92 
134. 

11/11/92 
IUS 

11/11/92 
lU' 

11/11/92 
un 

Locatiell _ - S418 CUS SUS S562 
fide noed Slack nood Slack Ibb 1 Ibb 1 
fnp.ICI Air 12.3 12.0 12. 4 11.2 

Surface 1e.5 11. 0 1'. S 11.' 
Bottol 

Sal.(ppt) Surface 
10.5 U.S 1'.5 10.5 

e.' 
BottOI 0.' 

COlld. Surface 230 280 235 US 
SottOI 23. 280 246 465 

D.O.(pPI) Surface 
BcttOi 

8.9 
a.a 

8.1 
8.7 

8.5 
8.6 

8.1 
8.4 

Depthl feetl 13 1'0 11 54 fO 55 18 fO 19 19 fO 19 

n/12 fl n/12 !l 11/12 11 11/12 11 

HYDROZOA 
!BlUODl 

0.0 
31. S

0 
2 

18.9 
e.• 

1 
0 

0.0 
e.e 

0 
3 

e.• 
e.t • •

0 
OLIGOCllUfA 
BlCBUUIIDU 
UIIDllfIlIID rUBIlICID .1 
UIIDRlfllIID fUBIlICID '2 
LI!!IOD1ItUS UDBIXHIIIUS 
SCOLICOLIPIDBS VIRIDIS 
COROPllIIII SFP. 
GAUUUS SPP. 
cunuu POLIU 

9.0 
0.' 
e.' 
0.0 
0.' 
•••e.t 

18.9 
453.1 

9 
0 
e 
0 
a 
t

•
1 

24 

151. 2 
3856.3 

e.' 
321.4 

'.0 
245.7 

'.0 
e.e 
3.a 

9 
204 

•17

•13

•0 
0 

0.0 
0.0 
t .• 

18.9 

•••t.' 
94.5 

642.1 
18.9 

3 
e
•1
•0 
5 

34 
1 

e.'
e.' 

113.4 
1398.9 

37.8 
'.0 
e.e 
e.' 
e.• 

0

•
6 

74 
2 
a 
•e 
0 

CHIRIllOflA ALKYIA 0.0 e I.e e '.e e 18.9 1 
CII!ROIOlfIllA! 
CliIlIOIOlUlA1 
fAUUISIII 
PottPlDILlI1 SPP. 
CIYPfOCRIIOIOKOUS SPP. 
nOCUllIUS SPP. 

LUfAl 
LUfU 
LUfU
un&! 
UUU 
tUfU 

'.e 
31. S 
18.9 
37 .8 
18.9 
e.' 

e 
2 
1 
2
1

• 

37. S 
e.' 
I .• 
e.0 
e.0 
••• 

2 
e 
e 
e 
e 
e 

18.9 
'.e 
e.e 

18:9 
e.' 
'.t 

1 
e 
e 
1 
e 
e 

e.e 
'.e 
e.'
e.' 
8.' 

18.9 

0

•e
•0 
1 



Date 
file 
Locatioll 
fide 
fn~. ((1 Air 

Sufaee 
Bottn 

Sal. (pptl Sorface 
Bottol 

Condo Sqrface 
Bottol 

D.a.{PPII Surface 
Bottol 

Depth (feetI 

11112/92 
&55 

·5515 
Ibb 2 
11.3 
1'.5 
1t.5 

••• 
2•• 
185 
245 
9.3 
9.4 

14 fa 15 

11112192 
75. 

~54' 
Ebb Slack 

11.6 
1'.5 

••• 
1~' 

9.1 

4 fa 5 

11/12/92 
81. 

S5U 
Ebb Slack 

1'.6 
1'.5 

••• 
759 

9.1 

5 fO 6 

11/121'2 
IU 

e53. 
nood 1 
13.1" . 
11.' 
11.5

••••••15t 
125. 

9.' 
9.6 

46 fa n 

11/12 11 11/12 11 11/12 II 11./12 Il 

HYDROZOl 
flJRuttUIl 
I IIlUrn 
UIIDllfIlliD fUBlfIeID '1 
VIIDilT11110 fVllf!ClD .2 
!JIIOII!I!!ID fUBI!ICID '4 
lULODRILUS PIGUIT! 
SPIOIIDU 
SCOLICOLIPIDIS VIRIOIS 
uaG!! C'IIllAn 
conpODl 
COIOPlI'II! SPP. 
GUQlUS SPF. 
cnnuu POLIn 
catlIDOTll ALIYIA 
1I0IYS1S !!IlIClil 
CIUOIOIIDU 
pOLtnDItn SPP. 
C1Y.fOCIIROIOIOUS SPP. 
PBOCLlDIUS SFP. 

unu 
UUU 
LUtU 
LUiU 

t.' 
9.• 

94.5 
e.' 

1394.3 
18.9 
t.' 

18.9 
37.8 
t.' 
t.' 

18.9 

•••
t.' 
•••n.9 
n.'
'.t••• 
••• 

•I 
5

•69 
1 
9 
1 
2 
t 

.t 
1 
t 
t 
t 
1 
1 
t 
t 
I 

t .• 
e.' 

18.9 
1U5.3 
68St.9 

t .• 
1".1 

•••
132.3 
18.9 
18.9 
56.1 
18.9 
56.7 
18.9 

•••I.' 
321. 4 
31.8

••• 

t 
I 
1 

59 
364

•
9

•7 
1 
1 
3 
1 
3 
1 
t 
t 

17 
2

• 

18. g 
18.9 
9.' 

lU'.9 
3'24.6 

•••t.' 
•••

31.8 
18.9 
t.t 
I.' 
t.' 

132.3 
t.' 
•••
1.1 

"9.4 
37 .8 
11.' 

1 
1 
9 

63 
lU

• 
t 
t 
2 
1 
t

••1 
t 
t

•37 
2 
1 

•••t.'
t.'
t.' 
t.' 
t.' 
t.'

•••31.8 
t.' 
'.t 

56.1 
t.' 
t.' 
I.' 
t.t 
•. 1 
t.' 
i .• 

••• 

e
•••t
••t 
2

•t 
3 
t 
t 
t

•t 
t

•I 



Date 
riu 
Locatioll 
fide 
rup. Ie) Air 

Sllrface 
Bottol 

Sal.(ppt) Snrface 
Bottol 

Condo Surface 
Bottol 

D.O.(pPI) Surface 
Bottn 

Depth(feet) 

11/12192 
915 

SSH 
lload 1 

13.8 
le. S 
U.S 
2.e 
2.9 

15ee 
15e0 
9.3 
9.3 

10 fO 11 

11/12192 
935 

C525 
rlood 1 

13.8 
11.e 
l1.t 
2.e 
2.e 

1450 
180e 
9.2 
9.4 

41 fO 48 

11/12192 
1145 
CH8 

lload 1 
15.7 
11.' 
11. S 

•••
4.' 

Het 
4000 
9.1 
9.8 

41 fO 48 

31 3/93
11,. 
5527 
Ebb 2 
8.' 
2.5 
2.5 
2.' 
2.' 

2950 
2200 
13.2 
13 .1 

16 fO 17 

n/12 11 n/12 n Q/12 11 11/12 11 

UIlUODl 
OLIGOCBUU 
UIIBllfrlI!D fUBIFICID t2 
LIIlIODRILUS BOFFIlIISfERI 
SPIOIIDU 
scotlCOtlPIDIS VIRInIS 
COROPIIIllI SliP. 
G!WlUS SPr. 
CUflmU potru 
CRIRIDOfl! AtIfR! 
1I0ilYSIS AIIIIC!I! 
CRAIGOI SIPflHSPIIOSl 
CRYPfOCHIROIOIOUS SPP. 
PROCUllIUS SU. 

tAR'll! 
LARVAl 

0.0 
e.0 

113.4 
e.e 
i.' 

18.9 

i.'
t.' 

18.9 
15.6 
e.e 
t.t 
e.' 

37.8 

0

•6 
e 
•1 
e 
i 
1 
4 
e 
e 
e 
2 

18.9 
e.' 

ge7.~ 

e.e 
e.i 

18.9 
31.8 
'.t
t.''..i.e 
e.' 
i.' 
i.' 

1 
e 

48 
e 
e 
1 
2 
e 
e 
e 
0 
e 
e 
t 

0.0 
37.8 
0.0 
e.0 

18.' 
e.' 

171.1 
18.9 
18.9 

18.' 
37.8 
18.9 
0.' 
I.' 

0 
2 
0 
e 
1 
e 
9 
1 
1 
1 
2 
1 
0 
t 

0.0 •0.e •2816.6 149 
56. 7 3 
e.' t 

94.5 5 
e.e •37.8 2 
e.' •e.' t 
0.e 
0.' • 

•• 
18.' 1 
37.8 2 



Date 31 3/93 31 3193 31 3/93 31 3/93 
file 1145 1211 125. 142. 
Location 55]1 5530 C529 S561 
Tide Ibb 2 Ebb 2 Ibb 2 Bbb 2 
fnp.(CI lir 

surface 
8.' 
2.0 

8.0 
2.0 

8.5 
2.5 

9.5 
3.' 

Bottol 2.e 2.0 2.• 2.5 
Sal.lpptl Surface 

Dottn 
~oad. SUrface 

2.' 
2.3 

1750 

2.0 
2.0 

1730 

t.0 
t.' 
900 

••• 
•••
215 

Battol 
D. {). (pPII Surface 

Bottol 

1850 
13.1 
13.2 

1800 
13.0 
13.2 

1050 
n.1 
13.1 

211 
12 •• 
12.5 

Depthlfutl . a fO 15 19 fO 29 •• fO U 12 fO 13 

11/12 11 11/12 1I a/12 Q n/12 II 

uClluuunu 3.0 0 0.0 0 113.4 5 I .• I .' 
PARAIAlS LlfORAtIS '.0 0 3.0 0 56.7 3 e.• e 
PIGUlfIILLA !ICRIG!I!BSIS 0.0 0 0.0 a 18.9 1 0.' e 
UIIDllfIlI!D fUBIFICID t2 567.1 30 359.2 19 491. 5 2'6 151.2 8 
LIKIODRILUS aOllHIIsrlRI 
SCOLICOLIPIDIS VIRIDIS 
RUG!! CUiUn. 
conpon 
COROPIIIUIl SPP. 
G!HIllIUS SPF. 
CYUIURl POtIU 
CHnOIOHIII LARVU 

la.9 
75.6 
37 .8 
18.9 
e.' 
6.' 
e.e 

18.9 

1 

•2 
1 
0 
e 
e 
1 

0.3 
113.4 
18.9 
0.' 
0.0 
0.e 
0.0 

37. S 

0 
6 
1 
0 
0 
e 
0 
2 

18.9 
151.2 

'.0 
0.' 

2778.8 
75.6 

132.3 
i.e 

1 
8 
e 
e 

147 
4 
7 
6 

37. 8 
e.e 
e.1 
I.'t.'
'.t 
e.' 
6.• 

2

•e 
e 
6

•e 
e 

POLtUDILUI SPP. LARnE 132.3 7 ;5.6 i e.f 6 37.8 2 
PROCLADIllS SPP. unu 18.9 1 ••• e ••• e ••• e 



Appendix !able l-t: ica~tiQued), 

Date 3/ 3/93 3/ 3/93 3/ 8/93 3/ 8/93 
rite 16tt 171' S!! 925 
Locatiotl C4fl 5549 ISH IS 31 
fide Ebb Slack noad 1 flood 1 !lood 1 
reap. lei Air 

Surface 
1.5 
2.' 

7.0 
2.S 

6.5 
3.0 

6.5 
3.0 

Bottol 2.' 2,@ 
Sal.(ppt} Surface 

8ottol 
•••
0.0 

e.e 
0.0 

0.0 0.1 

Cotld. Surface 195 30S 800 320 
8ottol US 310 

D.O.(pPI} Surface 12.8 12.8 12.8 12. 5 
Bottol 12.7 12. 9 

Depth(hetl 47 fO U 11 fO 12 1 fO 2 1 fO 2 

n/12 11 n/12 11 n/12 n 11/12 !1 

UBIDllfI!!!D rUBIFICID '1 a.e 0 75.6 4 0.0 0 0.0 0 
UBIDKlfllIID rUBIlICID '2 18.9 1 1361.1 72 0.0 0 0.0 0 
LIllIODRILVS SPP. 0.0 3 94.5 5 0.0 0 0.0 0 
LIHIODRILUS H01FN!ISf!RI 
SCOLICOLIPIDBS VIRIDIS 
COPlPODl 

18.9 
0.0 
0.0 

1

•0 

226.8 
18.9 
18.9 

12 
1 
1 

0.0 
0.0 
e.0 

0 
0 
0 

0.0 
0.' 
0.0 

0 
e 
0 

POL TPIDILUIl SfP. LARVAE 18.9 1 75.6 4 0.0 0 0.' I 
CRYPfOCRIROIOKOUS SPP. LARVAl 0.0 e 18.9 1 0.0 0 0.0 0 
PROCLU IllS sn. LARVU 0.e 0 37.S 2 0.0 e 0.0 0 



Appndix hbll! 1-1: ( I. 

DaU 
nle 
Loeatiol1 
nde 
felp.IC) lit 

Surface 
Bottoa 

Sal.(pptl Surface 
BottOI 

Condo Surbce 
Bottol 

D.O. (pPII Surface 
Bottol 

Depth(fut) 

31 8/93 
955 

ISU 
flood 1 

6.5 
3.5 

••• 
235 

12.6 

1 fO 2 

31 8193 
liU 
14.1 

llood 2 
6.5 
3.e 

e.' 

195 

12.7 

1 fO 2 

3/ 81'3 
112' 
1411 

flood 2 
6.5 
3.' 

••• 
185 

1 fO 2 

3/ 8/93 
1215 
5421 

Flood 2 
8.5 
4.' 
3.5

••• 
•••
181 

181 
12.6 
12.6 

9 fO 1. 

11/12 11 11/12 n 11/12 11 11/12 n 

flrRBILLUU 
ARC!IOI1IS LOKOIDI 
IUS CORVIU 
IUS VlIUnr.U 
PliUUS SPP. 
SPIC!I!A JOS1III 
UIIDSlfIlIID fUBllICID '1 
UIIDllfIlIID fUBIlICID '2 
LIHlODI1LUS UOBIIIIUUS 
IUUS SUCCll1A 
BIV1UU 
CUflillU POLIf! 
LIPIllOPfIU 
POLYPlDItUIi sn. 
C1YPfOCIII0IOIOUS SPP. 

LUVII 
uuo 
LAUO 

I .• 
i.' 
e.e 
e,." 
e.' 
e.' 
i .• 

I.'
t.'
I.e 
t.'
'.'18.9 

'.'••• 

t 
e
••e 
i

•e 
e 
e 
e 
t 
1

•• 

e.e 
e.e 
e.e 
e.e 
e.e 
i.e 
e.i 
i.e 
e.e 
e.' 
I.e 
e.' 
i.e 

'.''.' 

•••'e 
0 
i 
e 
e
•e 
e 
t

••e 

e.e 
e.' 
e.e 
e.' 
e.e 
e.• 
e.e 
e.e 
i.e 

18.' 
e.' 
I.'
'.'e.' 
••• 

••e 
e
•e
•e
•1
••••e 

37 .8 
18.9 
18.' 
18~ 9 
31.8 

113.4 
18.' ' 

:lU.' 
31.8 
'.e 

18. , 
18.9 

•••
15.6 
18.' 

2 
1 
1 
1 
2 
6 
1 

11 
2

•1 
1 

•
4 
1 



Date 
Tile 

31 S/93 
1245 

31 8/93 
1315 

3/ 8193 
1335 

31 8/93 
1350 

Location sua 5429 1429 1428 
ride flood 2 flood 2 flood 2 Hood 2 
hlp.(CI Air n.' le.5 1'.' 9.5 

Sube! 4.0 3.5 4.5 4.5 
BottOi 3.5 3.0 

Sal.(pptl Sarfaee '.0 
BottOi '.0 

COlld. Subc@ 180 175 180 180 
Bottol 

n.o.(pPII Sarfae@ 
180 

12.6 
175 

11.8 12.5 12.5 
BottOi 12.6 12.2 

Deptl1(feetl 12 fO 13 9 fO 16 1 fO 2 1 fa , 
to 

11/12 11 11/12 11 11/12 II 11/12 !l 

nUrODA 
ARCTIOIAIS LOKOIDI 
PARAIUS rUCI 
SPECARIA JOSIIAI 
nII~llfIlIID fUBIllClD '1 
UIIDllfIlIID fUallIeID .2 
tIKIODRILUS HOf'KIISTllI 
LIXIODIILUS UDIIlKIAlUS 
cunull POLIU 
POLYPBDILUI SPP. 
CRYPTOCHIROIOIOUS SPP. 

tARn! 
LARVAl 

0.0 
i.' 
i.0 
e.t 
i.' 

12t7.6 
17'.1 
18.9 
t.t 

18.9 
e.e 

0 

• e 
e 
e 

66 
9 
1 
e 
1 
I 

18.9 
56.7 

1285.4 
397.3 
17'.1 

1115.3 
113.4 

I.' 
397.' 
283.6 
132.3 

1 
3 

68 
21 
9 

59 
6 
i 

21 
15 
7 

0.0 
e.e 
e.e 
•. 0 
e.' 
e.e 
t.' 
e.' 

18.9 
i.' 
e.e 

~ 

• e 
e 
e 
0 

• •1 
e 
e 

1.0 
0.' 

56.7 
e.• 
e.e 
e.' 
i.e 
'.e
I.e 
e.e 
e.' 

0 
I 
3 

•
•••••I 
e 

Appendix fable A-1: (colltinued). 



lppe
'# 

I1di I hb Ie ! -1: (contil1ud I· 

lhU 31 8/93 31 8/U 3121/93 3121/93 
Tile 15ee 1524 945 1121 
Locitiol1 SU7 1447 ISH IS2t 
fide Ebb 1 Ebb.l Fleed 2 lloed 2 
feap.IC) lir 

Surface 
11 .• 
3:5 

11.1 
4.' 

6.5 
5.0 

7.5 
3.5 

BottOI 3.5 
Sal. (pptl Surface I.e e.' 

Bettol 
~JIld . Surface 170 179 5&1 36t 

Bottol 17. 
D.O.lpPII Surface 12.3 12.7 U.8 12.7 

Bottol 12.2 
lleptb(futl 17 fO 18 1 fO 2 1 fO 2 1 TO 2 

D/12 11 11/12 l'1 11/12 11 11/12 !1 

AKPHICR!Bf! LIYDIGI 
UBIDllfI!IID fUBIrICID 12 

0.0 
0.0 

0 
e 

0.0 
0.0 

0 
e 

0.0 
e.e •e 

37.8 
la.9 

2 
1 

POLYCHAUl I.e 0 0.0 3 0.e 0 H.9 1 
COPIPODl 0.a 0 1.0 I 18.9 1 0.0 I 
CRIRIllOfl! AL!YRl 18.9 1 0.e 0 0.• I '.e 0 



lppendiI Ta.bl~ 1-1: (~o!ltil1t!!d). 

hte 
file 
Location 
fide 
hl~. (Cl lir 

Surface 
Bottol 

Sal.{pptl Surface 
Bottol 

C~l1d. Surface 
Bottol 

D.O.{PPII Surface 
Bottol 

Depth( feetl 

3/21/93 
113. 
S3f7 

!Ioed 2 
1.5 
2.5 
2.5 

175 
175 

12.6 
12.5 

H fO 2S 

3/21/93 
1225 
S3t1 

noed 2 
8.' 
2.5 
2.5 

16e 
166 

12.4 
12.5 

14 fO 15 

3/21/93 
133. 
SU4 

Hood Slack 
9.5 
3.' 
3.' 

17& 
165 

12.3 
12.4 

24 fO 25 

3/21/93 
1355 
CUI 
Ebb 1 

.. 9.' 
3.3 
3.• 

179 
170 

12.1 
12.6 

46 fO n 

11/12 II 11/12 11 11/12 11 11/12 11 

UKlUU 
nUfOOl 
ARCflOIAIS LOKOK01 
PAUlUS lUCI 
DIIOllfIl!IO fUBIlICID '1 
DIIOKI!IlIKD fUBIlICID '2 
LIKIODRILUS SP!. 
LINIOORILUS DOrr!BISfBRI 
L1KIOORltUS UOIIE!1llnS 
OUISfADRILUS KULfISBTOSUS 
!!IAYUIKIA SPICIOS! 
CORBICULA n,UHUU 
CYUlIlJRA POLIn 

, C!SSIOISCA LUllrROIS 
CHIROIOIIl)!1 
CIIIROIOIIlI 
CIlIROIOIOUS SP!. 
GLYPfOfllDIPIS SP!. 
POLYPIOILI1K srp. 
CRYPfOCBIROIOIOUS SPP. 

UUO 
UUD 
UUD 
UUD 
UUD 
UUD 

18.9 
94.5 

S69.6 
U58.6 
529.3 

5633.3 
359.2 
699.4 

e.' 
699.4 

e.e 
'e.e 
0.0 
0.0 

18.9 

I.' 
e.' 
t.t 

15.6 
t.' 

1 
5 

H 
56 
28 

298 
19 
31 

•31 
0 
e 
0 
0 
1

•••4 
t 

e.a 
0.' 

15.6 
e.• 

378.1 
3081. 3 

I.' 
6t4.9 
U1.2 

•••
0.0 
e.0 
e.0 
0.0 
e.' 

31.8 
31.8 
I.' 

15.6 
31.8 

0 
0 
4

•
20 

163 

•32 
8 
9 
0 
0

•0
•2 
2

•4 
2 

0.• 
~.0 

3.0 
•. 3 
~.0 

'.3 
'.3 
3.0 
0.0 
e.' 

18.9 
18.9 
15.6 
31.8 
0.' 
•••e.' 

18. 9 
t.'
t.' 

0 
3 
0 
0 
0 
3 

•e 
0 
e 
1 
1 
4 
2 
e 
e
•1 
I

• 

e.' 3 
0.0 e 
0.0 •e.1 e 
e.e •3512. 8 189 
0.0 e 

869.6 46 
115.e 41 

e.' •0.0 0 
0.e •0.• 0 
0.' •e.t e 

18.9 1 
t.' t 
e.• t 

94.5 5 
'.1 I 



3/21193 
1635 
eS3' 
Ebb 2 
'.5 
3.• 
3.• 

•••e.' 
180 
180 

11.8 
12.1 

n fO U 

3/21191 
UI5 
C52S 
Ibb 2 
'.5 
3.• 
3.' 

••• 
•••18t 
18. 

12.' 
12.1 

n fO U 

126/93 
131t 
i25' 
load 1 
IS.' 
5.' 
4.5 

n5 
115 
.2.5 
J.1 
fO 12 

J/26193 
1335 
1261 

!lood 1 
15.5 
6.' 

131 

13.1 

1 fO 2 

3/26193 
lSl. 
SZ29 

Flood Slack 
16.' 
5.5 
5.' 

115 
11S 
12.2 
12.2 

11 fO 12 

11/12 11 11/12 11 :2 11 11/12 1.1 
11/12 11 

.1., 
e.' 
tot 
l.5 

I.'
1.'
I.' 
~., 

a.' 
U 

1

••5
••t 
1

•• 

•••t.' 
•••

264.1 
18.9 
31.8 
18.' 
•••

18.9 
t.' 

I

•I 
14 
1 
2 
1 
I 
1 
t 

,
••I
••
1 

U

••a 
2 

24 
1

••4
••5
•I,
•I 
1 

18.' 1 
113.4 S 

••• •31.8 2 
18.9 1 
18.9 1 

••• I 
614.' 32 

••• t 
I.' t 

113.4 s 
1.1 •
I.' t 
••• t 

11.9 1 
18.9 1 

••• " ••• t
I.' t 
1.1 I 

18.9 1 
31.8 2 
I.' t 

11.9 1 
I.' •
1.1 t 

" 

18.9 

e.'
I.' 
•••

31.8 
~ •• 3 
iI.'
18.'
I.' 

18.9 
18.' 
; .. ~, 

13.4 
18.9 
18.9 
U.S 
.-•.•. 
18.' 
18.9 
18.' 
15.9 
15.6 
::75.' 
••• 

1 

•e 
t 
2 

38

•1 
t 
1 
1

•6 
1 
1 
5

•1 
1 
1 

22 
4 
4 
t 

c 



Date 3/26/93 3/26/93 3126/93 3/26193 
riu 1535 155e 161e lU5 

Locatiol1 1229 1228 5228 C3U 
. fide Ebb 1 Ebb 1 Ibb 1 Ebb 1 

'felp. (Cl lir 
Surface 

2e •• 
6.5 

18.' 
6.5 

17.5 
6.0 

15.' 
5.5 

Botto. 5.5 ·4.5 
Sal.{pptl Surface 

Bottol 
Condo Surface 130 130 125 115 

Bottol 120 115 
D.O.{ppll Surface 

BottOi 
12.8 12.6 12. 4 

12.4 
12.3 
12.7 

Deptb(feetl 1 fa 2 1 TO 2 21 fa 22 U fa 50 

11/12 11 1l/12 11 il/12 11 11/12 11 

fURBBLURI1 
IBIlU'ODA 
nClUfRAlIDU 

a.1 
0.0 

75.6 

0 
0 
4 

0.3 
3.0 

:70.1 

0 
0 
9 

18.9 
226.8 

0.0 

1 
12 
0 

0.0 . 0 
0.0 •0.0 e 

!KPHICHAI!! LIYDIGI e.0 0 0.0 0 245.7 13 0.0 0 
PIGUlfIILL! IlICIIGAIBISIS 8.0 8 0.0 0 0.3 0 18.9 1 
SPICIlI! JOSII!I 
nUnCIOll 

••• 
0.' 

8 
e 

0.0 
'.0 

0 
0 

H5.7 
0.' 

13 
0 

'.a 
18.9 

0 
1 

UIIDllfIlIID fUIIFIeID '1 0.' 0 0.8 e 226.8 12 18.9 1 
IIIDllfIlIID mBlrICID .2 
ISOCB!lfIDIS lllYI 
LIIlIODRILUS BorrIlEIS!IRI 
BIULVU 
GAlUIUIS SPP. 
cnUOPOGOIIDU 
POLynDILUI S1'P. 
CRYPTOCIIROIOIOUS SPP. 
nOCLlllIUS SPP. 
UI1Dllfll1ID 0lGAl151 1 

LUlU 
Luns 
Luru 
Luru 

8.' 
e.' 
e.' 
••• 
••• 
••• 
•••••• 
••• 
••• 

0 
e 
e 
e 
I 
t 
t 

"t 
t 

0.0 

•••'.0
e.0 
'.0
t.' 
e.e 
••• 
••• 
••• 

0

•0 
0

•e
•I 
t 
t 

5557.7 
e.e 

113.4 
31.8 
18.9 
56.7 

491. 5 
151. 2 
31.8 

132.3 

294 

•6 
2 
1 
3 

26 
a 
2 
7 

548.2 
94.5 
37.8 
e.• 
•••
0.' 

15 •• 
t .• 
t .• 

.t.' 

29 
5 
2 
e 
0 
e 
••
t 
t 



ht! 
Til@ 
tocatioll 
fid@ 
Tnp.(CI lir 

Surface 
Bottol 

Sal.(pptl Surface 
Bottol 

Cond. Sufiice 
Bottol 

D.O. (pPII Surface 
BottOI 

Depth(feetl 

3/26/'3 
173. 
C284 
Ibb 1 
15.' 
5.' 
4.5 

115 
110 

12.3 
12.4 

U TO 50 

3121193 
835 

t321 
Ebb 1 
H.e 
4.5 
4.5 

120 
115 

12. 4 
12.3 

U TO 58 

3/21193 
9•• 

CUB 
Ebb 1 
U .• 
4.5 
4.5 

120 
115 

12.4 
12.3 

UfO U 

3/21193

'4'
C329. 
Ibb 2 
11.' 
4.5 
4.5 

115 
US 

12.4 
12.3 

44 1'0 45 

lI/12 11 n/12 11 11/12 11 D/12 11 

fURBlLLUI! 
UllurU 
RnnOIU 

. nCltYfRUIDU 
P1RUUS nICI 
PIGlJlTIILLl !ICHIG!IBISI5 
SPICUlA 3051111 
UIIDBITI!IED fUBIlIClD 11 
UIIDEITI!IID fUBIlICID 12 
L1KIOD1ILUS BorlKlISTIRI 
lCUUORIlIS 
COPIPODl 
cnnlJRl POLIU 
po~rPIDItU! SPP. 
C1YPTOCBI10IOKOUS SPP. 

LllIVlI 
Lunl 

56.7 
1.3 
0.' 

3327 .• 
I.' 
I.' 
'.1 
e.e 

56.7 
e.' 

18.9 
t.' 
t.' 
t.' 
t.' 

3 
0 
0 

176

•I
•
I 
3 
e 

"1 
e 
t 
t

• 

2098.3 
18.9 
0.' 

132.3 
e.e 
e.' 
0.' 
I .• 

e.'
e.' 
t .• 
I .• 
t.t 

37.8
I.' 

111 
1

•7 
I

••I
•0 
@

•t 
2

• 

586.1 31 
I.' e 

18.9 1 
1852.6 98 

I.' t 
75.& 4 
I.' 0 
I.e . I 

31.8 2 
'.0 I 
t.' @ 

18.9 1 

t.' t 
34'.3 18 

'.1 I 

0.0 •
I.' e 

18.' 1 
18.9 1 
18.9 1 
18.' 1 
18.' 1 
56.7 3 

434.8 23 
18.' 1 

••• t 
e.t t 

189.' 1t 
as.7 13 
18.9 1 



... 

lppudiI !'able !-::' (COlltillU~d). 

Date 3/21/93 3127193 3/27/93 3/27/93 
riu Ilt5 112. 1155 1215 
Location S328 C334 5334 5338 
ride Ebb 2 Ibb 2 Bbb Slack nood 1 
hlp.(Cl lir 11.5 11.5 12.' 12.' 

Surface 5.' 5.' 5.6 5.' 
BottOI 4.5 5.3 s.e 5.e 

Sal.(pptl Surface 
Bottol 

Cond. Surface 110 115 110 110 
Bott.ol 110 115 110 119 

D.O.(pPII Surface 12.3 12.4 12.5 12.4 
Bottol 12.3 12.4 12.6 12.2 

Depth(feetl 19 TO 2. U TO 45 17 TO 18 14 TO 15 

n/12 11 n/12 11 11/12 11 11/12 11 

TURBILLlIliA 0.0 9 340.3 18 18.9 1 e.e e 
nCBnUIID!I 94.5 5 604.9 ,.

" .. 18.9 1 0.0 0 
I1IOIDU 
PAUlUS nICI 
PIGUITIILL& KICBIGllKISIS 
PRISnULLA SPP. 
SLAVII! APPIIDICULITl 
S~ICAR1l JOSIIII 
UIIDBlfIlIID TUBIlIC1D II 
UIIDBI!111!D fUBI11C1D '2 

e.' 
18. , 

e.' 
t .• 
t.'
t.'
e.' 

189 .• 

0 
1

•e 
e 
0 

•10 

0.0 
0.0 

18.9 
0.3 
e.0 
0.0 
0.0 

18.9 

0 
e 
1 
e 
0

••1 

18.9 
37.8 
e.' 

18.9 
31.8 
18.9 
37 .8 

113.4 

1 
2 
e 
1 
2 
1 
2 
6 

e.3 e 
0.3 •
0.' •0.' •
0.' 0 
'.0 •0.0 , 

18.9 1 
LIKIODRILUS B011II1S1'811 18.9 1 0.0 0 0.e 0 e.e t 
BIVALVIA 
G!ltWUS sPP. 

'.e 
0.' 

0 
e 

e.' 
0.e 

e 
0 

e.t 
18.9 

0 
1 

18.9 
'.t 

1 
t 

CUTI:lUU POLITA 
CRIRIDOTBl ALI!ll 
DICiOTllD1PIS SFP. unu 

•••18.9 
t.' 

t 
1 
t 

t.t 
18.9 
t.t 

t 
1 
t 

132.3 
t.t 

18.9 

7 
e 
1 

94.5 
t.' 
t.' 

5

•f 
POUPBD1LUH SPP. LARin 18.9 1 151. 2 8 94.5 5 118.1 9 



.!l'lIi 

lppudi,; fable 1-1: (colltilllledl. 

Date 3121/93 3/21193 3121193 3/21193 
Tilt 
Location 
fide 
Teap.le) lir 

Suhee 

1235 
I334 

flood 1 
12.' 
G.' 

124S 
I336 

llood 1 
12.' 
6.' 

13" 
I331 

flood 1 
12.' 
6.0 

1315 
I338 

flood 1 
13.'
6.' 

Bottol 
Sal.(pptl Sllrface 

Bottol 
Cod. Suhee U5 11S US U5 

Bottol 
D.O.(pPII Sllrfaee 12.1 12. 1 12 •.1 12.1 

Bottol 
Depth(futl 1 TO 2 1 fO 2 1 fO 2 1 YO 2 

11/12 !1 n/12 11 11/12 !l 11/12 II 

nCliYnUIDAB eJ , 0.0 0 1'8. 9 1 e.t t 
UIIDlITIlI!D TUBIlICID .2 
COPBPODI 

2113.9 
0.0 

115 ..

t 
t.0 e 
3.0 0 

3.e 
18.9 

t 
1 

t.' 
t.' 

t 
t 



DiU 3/27"3 
file 133. 
Location I339 
fide flood 1 
reap.(e} !ir .. 13.f 

Subce 6.' 
IottOI 

Sal.(pptl Surface 
20ttol 

COlld. Sorfaee 115 
Bottol 

D.O.(pPII Surface 1:.' 
Bottol 

hpth(futl 1 TO 2 

n/12 II 

nCHU1U:DU 18.~ 

!KPHICB!!T! LEYDIG! 18.9 


